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PREFACE TO THE SECOND EDITION. 



In preparing a Second Edition of ^ Practical Hydraulics ' consi- 
derable alterations and additions have been made. To &cilitate 
reference, the work has been divided into Chapters ; additional 
Boles for Cnlverts and other subjects have been given, including 
several new Tables, and an increased number of Illustrations. 
These alterations were so considerable, that it was found neces- 
sary to re-write the whole, and thus opportunity was given to 
introduce much new and valuable information, which, it is 
hoped, will increase the usefulness of the work. 

Bath, July, 1870. 



PREFACE TO THE FIRST EDITION 



The reader must not expect, in this little book, an exhaustive 
treatise on Hydraulics ; many such have been written, and they 
leave little or nothing to be desired. This work consists of 
a series of Eules and Tables, giving unusual facility for the 
solution of questions which occur in the daily practice of 
Engineers. 

For the two leading questions — the Discharge of Pipes, and 
of Open Channels — two sets of Tables are given, the reason for 
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which may not be obvious ; but it is impossible to give Tables 
combioing extreme facility with extreme accuracy for low heads, 
and the author has therefore given two Tables, one giving accu- 
rate results in all ordinary cases with the least possible labour, 
and the other giving, with more labour, exact results in extreme 
cases. 

For the most part the Eules and Tables have been long used 
in an extensive practice, and the principal reason for publishing 
them is the author's desire that the profession from which he 
has retired may have the benefit of Tables, &c., which for many 
years have been very useful to himsell 

Eabedale, Gbasmebe, 
July, 1867. 
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CHAPTEE I. 

DISOHABOB OF APSBTURES, PIPES, &0. 

(1.) " Velocity of Efflux'' — The velocity with which water 
issaes from the side of a vessel, as at A, Fig. 1, is the same as 
that of a body feJling freely by gravity from the height H, or 
the distance from the centre of the orifice to the surface of the 
water. This velocity is given by the rule : — 

V = V H X 8 

In which H = the height or head of water in feet, and V = the 
velocity in feet per second. From this we may obtain another 
rule giving the discharge in gallons, which becomes : — 

G = VHxd«x 16-3 

In which H = the head of water in feet, cZ = the diameter of 
the orifice in inches, and G = gallons discharged per minute. 
Table 1 has been calculated by this rule. 

These rules give the theoretical velocity and discharge ; for 
application to practice, they may require some modification to 
adapt them to the particular form of the orifice. 

(2.) ''Discharge hy an Orifice in a Thin PZote."— It has been 
found by experiment that, when the discharging orifice is made 
in a thin plate, the converging currents of water approaching 
the aperture cause a contraction in the issuing stream, so that 
instead of a parallel or cylindrical jet, it becomes a conical one 
of the form shown by Fig. 2, the greatest contraction being at 
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DISOHABaS BT SHOBT TUBBS. 3 

the point C, whose distance from the plate is half the diameter 
of the orifice, and its diameter * 784, that of the orifice being 1. 
The form from B to C may be taken as a curye, whose radius is 
1 *22 times the diameter of the orifice. 

Now, the foregoing rule gives the maximum velocity, or that 
at the point of greatest contraction C, and if the diameter be 
taken there, the rules would give the true velocity and dis- 
charge without correction. But it is obvious that the velocity 
at the aperture itself (or at B) would be less than at C in the 
ratio of the respective areas at the two points, or as 1* to -TS^" 
or 1 to * 615, and in that case, the diameter being taken at B, 
the velocity there would become V = ./H X 8 x * 615 and the 
discharge G = V^ X ^ X 16*3 x '615. From this we get 
for apertures in a thin plate, the rules : — 

Q= VH X d"X 10 



WHXlOy' 



Thus, with 3 inches diameter and 16 feet head, the discharge 
would be Vl6 X 3* x 10, or 4 x 9 x 10 = 360 gallons per 
minute. The head for 150 gallons per minute with 2 inches 

diameter = (j =^ j = 14*06 feet; and the diameter for 200 

gallons per minute with 20 feet head would be (jzjrf 10)^" 

2 * 11 inches, &c., &c, 

(3.) " Discharge by Short Tubes" — When the aperture is of 
considerable thickni^, or has the form of a short tube, not less 
in length than twice the diameter, the amount of contraction is 
found to be less, and the discharge greater, than with a thin plate. 
Fig. 3 shows a tube 1 inch diameter and 2 inches long; the 
greatest contraction is in that case ' 9 inch diameter, and its pro- 

B 2 
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4 FSIOTIOir OF I.OKO FIFKS. 

portional area * 9* = * 81, or say * 8 of tite area of the tabe. For 
short tubes therefore the rules bec(»ne : — 

G = VH X d* X 13 
^ = (^3^3) 



VVHX 13/ 



Table 2 has been calculated by these rules ; thus, for a 7-incIi 
pipe discharging 450 gallons, the Table shows that the head 
necessary to generate the velocity at entry is 6 inches ; this is 
irrespective of friction, which, in fact, for so short a tube as the 
rule supposes, would be practically nothing. This Table applies 
to all cases of pipes ; for instance, Fig. 4 shows the inlet end of 
a main from a reservoir, whicL will require for the velocity at 
entry alone the amount of head shown by the Table. When, as 
is usually the case, the pipe is of considerable length, the head 
due to friction must also be allowed for. 

(4.) " Friction of Long Pijpea," — With a long pipe there is not 
only the loss of head due to the velocity at entry, but also 
another loss due simply to the friction of the water against the 
sides of the pipe, so that in all cases the head consumed may be 
considered as composed of two portions : — one, the amount due 
to velocity of entry, irrespective of friction ; and the other, the 
amount due to friction alone. Thus, in Fig. 8 the head h gives 
a certain velocity of discharge by the short pipe A ; but to give 
the same velocity in the long main B C, the head H' is necessary, 
of which h' is consumed in generating the velocity at entry, 
being the same as for A, and the rest, or H, in the friction of 
the long pipe : the total head is, of course, the sum of the two. 

(5.) The loss of head by friction may be calculated by the 
following rules : — 

^^G'xL 
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FBIOnON OF LONG PIPI8. 



(3d)» x H 



^- ,. 



In these rules d = diameter of the pipe in inches. 
L = length in yards. 
H = head of water in feet 
G = gallons per minute. 

These rules require the use of logarithms to work them easily : 
thus, to find the discharge by a 7-inch pipe 3797 yards long with 
45 feet head, we have : — 

7 X 3 = 21 = 1-322219 
5 



6-611096 
X 45 = 1-663213 

8-264308 
4-3797= 3-679441 



2)4-684867 
2-342433 = 220 gallons per minute. 

Again, to find the head necessary to discharge 320 gallons per 
minute by an 8-inch pipe 3457 yards long, we have : — 

320 = 2 •505150 
2 



5-010300 
X 3467 = 3-538699 

8-548999 
8 X 3 = 24 := 1-380211 x 6 = 6-901056 



1-647944 = 44-46 feet head. 



And again, to find the diameter for 110 gallons per minute with 
56 feet head, the length being 273 yards, we have ; — 
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FBIOnON OF LONG PIPES. 



110 = 2-041393 
2 



4-082786 
X 273 = 2-436163 



6-518949 
-7-66 = 1-748188 



5) 4-7707 61 

9 

•964152 = 9, and— = 3 inches diameter. 
o 

Table 3 has been calculated by these rales, and will greatly 
facilitate the calculation of pipe questions, it also has the great 
advantage of requiring only the simple rules of arithmetio. 

(6.) 1st. Haying G, L, and d giren, to find H. In the Table 
opposite the given number of gallons, and under the given 
diameter, is found the head due to a length of one yard, and 
multiplying that number by the given length in yards, gives the 
required head of water in feet Thus, taking our former illus- 
tration in (5), the head to deliver 820 gallons per minute by an 
8-inch pipe 3457 yards long — opposite 320 gallons in the Table, 
and under 8 inches diameter, is -01286 feet, and -01286 x 
8457 = 44-46 feet, the head sought. 

(7.) 2nd. To find d, having H, L, and G given. Divide the 
given head of water in feet by the given length in yards, and 
the nearest number thereto in the Table opposite the given 
number of gallons will be found under the required diameter. 
Thus, to find, the diameter for 110 gallons per minute with 56 

feet head, the length being 273 yards, we have ^=^ = - 205, look- 
ing for which in the Table opposite 110 gallons we find it under 
8 inches, the diameter sought (see 5). Again, to find the dia- 
meter for 320 gallons, 20 feet head, and 1600 yards long, we 

20 
^^® TT^T^ = -0125, the nearest number to which, in the Table 
loOO 

(•01286) is found under 8 inches, the diameter sought. In 

most cases the tabular number will not be the exact number. 
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16 FBIOnON OF JJOJXQ PIPES. 

desired, which will only show that the exact diameter is an odd 

size between the standard ones in the Table. But by the former 

rule in (6), this can be easily checked ; thus, in our case, the 

true head for an 8-inch pipe would be -01286 x 1600 = 20-57 

feet instead of 20 feet ; but, of course, in most cases 8 inches is 

near enough for practice. 

(8.) 3rd. To find G, having H, L, and d given. Divide the 

given head of water in feet by the given length in yards, and the 

nearest number hereto in the Table, under the given diameter, 

will be found opposite the required number of gallons. Thus, 

to find the discharge of a 7-inch pipe 3797 yards long with 45 

45 
feet head, see (5), we have 5=^ = • 01185; and looking for this 

under 7 inches diameter, we find it opposite 220 gallons, the 

discharge sought. Again, for the discharge of a 10-inch pipe 

40 
3000 yards long with 40 feet head, we have ^^r^ = -01333 ; 

oOOO 

and the nearest number to that we find to be -01384 opposite 

580 gallons, the discharge sought 

(9.) 4th. To find L, having H, G, and d given. Divide the 

given head by the head for one yard found in the Table under 

the giveli diameter, and opposite the given number of gallons, 

and the result is the required length. Thus, to determine the 

length of 4-inch pipe to consume 12 feet head with 130 gallons 

per minute, we find under 4 inches and opposite 130 gallons 

12 

•0679 the head for one yard, and hence ^Tr^fq = 176 yards, the 

length sought. 

(10.) To avoid a needless extension of the Table, we have 
given only the principal numbers from 1 to 90, and from 1000 
to 100,000 gallons, leaving the intervening numbers to be sup- 
plied from the body of the general Table. In order to do this, 
it should be observed that the head varies as the square of the 
discharge, so that, for instance, ten times any given discharge 
will require 100 times the liead, &c., &c. Thus, with 100 gal- 
lons, the Table shows that a 5-inch pipe requires -01317 foot 
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FBIOTIOK OF LOKa PIPBS. 17 

head per yard, then with 1000 gallons the head would be 

•01317 
•01317 X 100 = 1-317 foot; and with 10 gaUona ^^^ = 

•0001317 foot. The application of this principle to any case 
in practice is very simple : say we require the head for 33 
gallons with a 2^-inch pipe 600 yards long. Not finding 38 
gallons in the Table, we take 330, the head for which is 4 ' 589, 

therefore for 33 gallons it will be -^^^ = -04689. This may 

be checked by the skeleton Table, which shows that 30 gallons 
require -03792, and 40 gallons -06742 foot; so that -04589 
looks about right for 33 gallons. Then the head required in 
our case is -04589 x 600 = 27-534 feet. 

Again, say we required the head for 2800 gallons with a 
15-inch pipe 500 yards long. Here we must take the head 
for 280 gallons from the Table, which is -0004248: for 2800 
gallons, therefore, or 10 times the quantity, we should have 
•0004248 X 100 = -04248 foot. Checking this by the skeleton 
Table we find -0487 foot for 3000 gallons, showing that -04248 
foot for 2800 gallons is about right Hence the head sought 
is, in our case, -04248 x 500 = 21-24 feet. 

The same principle may be applied when the discharge is the 

unknown quantity ; thus, to find the discharge of a 2^inch pipe, 

17 
700 yards long with 17 feet head, we have j^ = '02428, 

which, by the skeleton Table, is somewhere between 20 and 30 
gallons : now, looking in the body of the Table between 200 
and 300 gallons for the same figures (neglecting altogether for 
the moment the position of the decimal place) we find that the 
nearest to 2428 is 2427, which is opposite 240 gallons ; 24 gal- 
lons is therefore the true discharge. Again, to find the discharge 
of a pipe l^inch diameter, 200 yards long, with 4 * 5 feet head, 

4-5 
we have ^r^ = -0225, which, by Table, is between 6 and 7 

gallons ; now, looking between 600 and 700 gallons, we find 
the nearest to be 222 opposite 640 gallons, and as we know that 
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18 HEAD FOB VBLOOITT OF ENTBY IN PIPBS. 

iihe true discharge is between 6 and 7 gallons, we infer that the 
exact quantity is 6*4 gallons, &c., &c. 

(11.) The 8rd illustration in (8) for finding G may be ex- 
tended so as to give a useful general view of the discharge of 
different sized pipes with the same length and head. Thus, we 
found the tabular number for 8000 yards long and 40 feet head 

40 
to be ^TT^ = '01338, and looking for this successively undes 

different diameters we find that 

A 6-inch pipe discharges 160 gallons per minute 
» • j> n 235 „ „ 

» o „ „ 380 „ „ 

„10 „ „ 580 „ „ 

„12 „ „ 900 „ „ &o. 

(12.) ''Head for Velocity of Entry:*— -To the head thus found 
by the preceding rules and Table, that due to velocity of entry 
has in all cases to be added, as explained in (4). When the pipe 
is of the common form, with square edges, as in Figs. 8 and 4, 
Table 2 gives the head for velocity direct. For very long pipes 
this is so small in proportion to the head due to friction, that it 
may in such cases be neglected, and we have omitted it for that 
reason in the preceding illustrations ; thus, we found in (5) and 
in (6) that with 820 gallons, by an 8-inch pipe 8457 yards long, 
the head due to friction alone was 44*46 feet. By Table 2 it 
will be seen that the head for velocity at entry is rather less 
than 2 inches, so that in such a case it may be neglected. But 
when a pipe is very short, the head due to velocity may be 
much greater than that due to friction, and the most serious 
errors may be made by neglecting it. Say we had an 18-inch 
pipe, 20 yards long, discharging 8000 gallons. By Table 8 tho 
friction is '0196 x 20 = -892 foot; and the head due to velocity 
by Table 2 is 6 inches, or • 5 foot, being more than that due to 
friction; so that the total head is '392 -|- '5 = -892 foot. 

(18.) When, with a very short pipe, the head is given and 
the discharge has to be calculated, the case does not admit of a 
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LOSS OF HEAD BY BENDS. 19 

simple direct solution, because we cannot tell beforeliand in 
what proportions the total head at disposal has to be divided 
between overcoming friction and generating velocity. We must 
for such cases, apply a useful general law (27), which may be 
stated as follows : — " The discharge hy any pipe, or aeries of pipes, 
is proportional to the square root of the head;" and conversely, 
'* The head is proportional to the square of the discharge;" and 
these laws are true in pipes with bends, jets, contractions, &c. 
Thus, say we require the discharge of a 12-inch pipe 6 yards 
long with 10 feet head. Assume a discharge, it is unimportant 
whether the assumed discharge is near the true quantity or not, 
or whether it is too much or too little. Say, in our case, we 
take it at 1000 gallons per minute, then by Table 3 the head 
for friction is '01653 x 5 = -08265 foot, and the head for 
velocity is, by Table 2, about 4 inches, or • 333 foot, making a 
total of -08265 + -333 = -41565 foot, instead, of 10 feet, the 
head at disposal. Then applying the law just given, we have 

1000 X VTO 1000x3 162 .^^. „ ^ -^ - 

/ = Trrn^ = 4905 gallons. Now, if in 

V. 41565 -6447 ^ 

this case the head due to velocity had been neglected, the dis- 
charge by Table 3 would be -^ = 2* = 11,000 gallons, which 

o 

is more than double the true discharge. The Table 2 gives the 
greatest possible facility for making the calculations of head due 
to velocity, which should never be overlooked in cases where 
the pipe is short. 

(14.) "Xos« of Head hy Bends" — There is another source of loss 
of head in pipes — namely, change of direction, or bends. The 
best formida for calcxdating this loss is that of Weisbach, 
which may be modified into the following : — 

H={.131^(1.8.7x(i)^)xi;ii^. 

andV«= ?60xH 

x|-131 +(1-847 x(^)^}; 

2 
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20 LOSS OF HEAD BY BENDS. 

In whicli H = the head due to change of direction, in inches, 
r = radius of the bore of the pipe, in inches. 
E = radius of the centre line of the bend, in inches. 
(f) = angle of bend, in degrees. 
V = velocity of discharge, in feet per second. 

Thus, say we require the loss of head by a bend of 9 inches 
radius in a 6-inch pipe, discharging 800 gallons per minute, with 

an angle of 65°. A 6-inch pipe containing roughly -^ =1*2 

gallon per foot run, the velocity of discharge will be —^^ gjr 

= 11*1 feet per second. To find T—VjOr in our case^yV, . 

Q 

we have -^= -3333. 

Then the log. of -3333 =T- 522835 

7 



2)4-659845 
¥•329922 = -02137 = (^\^ 

{\ 1113 V 55 
-131 + (1-847 X •02137} x \qq = 1*2 inch, 

the head required. 

Table 4 has been calculated by the second formula. The first 
part is adapted to bends of the radius usually met with in 
practice ; this may vary slightly with different makers, but not 
so much as to aflfect the result seriously. Fig. 6 gives the pro- 
portions of the 8-inch bend as an illustration. The second part 
of the Table gives the loss by quick bends of the proportions 
given by Fig 7, which are sometimes necessary in special cases ; 
they are commonly named " elbows." 

Table 4 requires but little explanation ; it shows, for instance, 
that an ordinary 8-inch bend, with 18 inches radius, consumes 
3 inches head when passing 1970 gallons per minute ; but a 
quick 8-inch bend with 6 inches radius consumes 12 inches 
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22 DISOHABGE OF OOMFOUND WATEB-MAIKS. 

head wlien passing nearly the same quantity, or 1950 gallons, 
and these, it should be observed, are the heads due simply to 
change of direction, and do not include the head due to velocity 
or to friction. Thus, for instance, if the quick 8-inch bend 
had a length of one yard, the head for friction by Table 3 
(say for 2000 gallons) would be '5 foot, and the head for 

5i 1^ j = H is 

(fti Tq) = ^'^^ ^*^®*' Thus we have a total for such a 

bend oi -j^ . q ^^^ ^^^ change of direction, 

0*5 „ for friction, 
5-4:8 „ for velocity at entry, 

6-98,, total. 

Again, in a 6-inch pipe carrying 800 gallons, the Table shows 
that each common bend causes a loss of 1^ inches head, and 
each quick bend a loss of 5 inches, <&o The Table is arranged 
for bends of 90°, or quarter bends, as they are technically 
named, but it is applicable to any other angle, for the loss of 
head is simply proportional to the angle, the radius being the 
same ; thus, a half-quarter bend of 45°, or one-eighth part of a 
circle, consumes half the head of a bend of 90°, and a bend of 
180°, or half a circle, takes double, &c., &c. 

(15.) "Discharge of Compound Water-mains" — When a long 
inain is composed of pipes of different sizes, as is very frequently 
the case, the head for each must be separately calculated, and 
the sum total taken. Thus, if we required 300 gallons per 
minute through a main 1200 yards long, composed of 800 yards 
of 7-inch, 300 yards of 6-inch, and 100 yards of 5-inch pipe, the 
head would be — 

By Table 3. 

300 gallons 7-inch = -022 x 800 = 17-6 feet head 
„ 6 „ = -0476 X 300 = 14-28 
„ 5 „ = -1185 X 100 = 11-85 

43-73 total. 
If there were bends in the pipes we must add the head for 
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them from Table 4, but it will be found, as in the case of head 
for velocity, see (12), that with long mains the effect of bends is 
very smalL Say we had 

4 common bends in the 7-inch, each ^-inch head = ^ inch 

3 quick „ „ 7 „ „ J „ = 1^ „ 
2 common „ „ 6 „ „ |^ „ = J „ 

2 quick „ „ 6 „ „ f „ = 1^ „ 

4 common „ „ 5 „ „ ^ „ =2 „ 

3 quick „ „ 6 „ „ 1^ „ = ^ „ 

Total 10^ inches. 

Thus, even for such a large number of bends, the loss of head 
is only 10^ inches, or • 875 of a foot ; so that the total loss is 
43-73+ -875 = 44-605 feet. 

(16.) When, with such a series of pipes the head is given, and 
the discharge has to be determined, the case does not admit of 
a direct solution, because we cannot tell beforehand in what 
proportions the given head must be divided among the different 
pipes. We must in that case follow the course explained in (13) : 
thus, say we required the discharge with 30 feet head by a main 
2000 yards long, composed of 1200 yards of 8-inch pipe with 
four common bends in it ; 700 yards of 6-inch pipe and three 
bends ; and 100 yards of 5-inch pipe, with two common and two 
quick bends. The first thing to be done is to assume a dis- 
charge, and calculate the head for that, as was done in the last 
example; it is xmimportant whether the assumed discharge is 
near the true quantity or not. Say in our case we take it at 
400 gallons. Then 

By Table 3. Length. Feet 

400 gallons 8-inch pipe = -02 x 1200 = 24-0 head 
6 „ = -085 X 700 = 59-5 „ 
„ 5 „ = -21 X 100 = 21-0 „ 



Carried forward . . 104 • 5 
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Brought forward .. 104 '6 feet 

Inch. Inch. Inch. 

4 common bends in 8 each ^ x 4 = ^ head 
3 „ „ 6 „ i X 3 = li „ 

2 „ „ 6 „ t X 2 = 4 „ 

2 quick „ 6 „ 3 x 2 = 6_ „ 

9^= -8 foot 
Total 105-3 feet. 
Thus we find that for 400 gallons we require 106-3 feet head 
instead of 30 feet, the head given ; then by the rule in (13) 

™ harr. ^^ X 400 6-447 X 400 ^,^ „ ,, , 

we have _ or — rpr^ = 213 gallons, the real 

V105-3 10-26 ^ 

discharge sought. Further illustrations will be found in 

Chapter IL 

(17.) "Uffect of Contour of Secium''--The contour of the sec- 
tion of the line of pipes is a matter of some importance. The best 
condition, when the pipe is of uniform diameter from end to end, 
is, of course, a uniform slope throughout. This, however, can 
rarely be obtained, the pipe having to follow the contour of the 
ground, as in Fig 9. If a number of open-topped pipes were in- 
serted anywhere along the main, as at A, B, C, D, &c., the water 
would rise in them to the level of the oblique line J K, which 
in the case of a pipe of the same bore from end to end, would be 
a straight line as shown ; this line is termed the hydraulic mean 
gradient. Now, the vertical distance from any point in that lino 
(say the top of E) to the level line K M, will give the head for 
friction between £ and K, and the vertical distance from the 
same point to the level line J L will give the friction between 
£ and J : we have here supposed, of course, that the figure is 
correctly drawn to scale. 

(18.) When, as in Fig. 11, the pipes are of different diameters, 
then each would have its own gradient, showing at every point 
the loss of head due to that particular pipe as in the figure. No 
loss of effect will arise from the pipe following the section of 
the groimd, 8o long as the contour of the jpijpe does not anywhere 
along the line rise above the hydraulic mean gradient. Thus, in 
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Fig. 9, where the ground is much broken, but does not anywhere 
rise above the gradient, the discharge will be the same as by a 
pipe with a uniform slope. 

(19.) But if, as in Fig. 10, a hill, as at B, rises higher than the 
gradient, then the pipe from C to D will be in a state of partial 
vacuum, air will be given out by the water, and wiU accumulate 
at the summit, and being driven forward by the water from C 
to B, will remain permanently in the pipe from B to G, occupy- 
ing the upper part of the pipe while the water trickles down the 
lower part as in a trough or open channel, and the vertical head 
from B to G is lost, the hydraulic gradient being now from 
A to B, from B to G, and from G to F, this last being parallel 
to that from A to B, or at the same angle with the horizon. 
The discharge at F will therefore be, not the amount due to the 
head E, F on the length A, F, but that due to the head £, B on 
the length A, B. 

(20.) In this case the size of the pipe should not be uniform 

from end to end : from A to B it should be of large diameter, so 

as to deliver at B the required quantity with the head E, B ; 

and the pipe fr.om B to F may be of smaller diameter, so as to 

deliver the same quantity at F with the head H, F. Say we 

take a case with the length A, F = 5000 yards, andheadE, F = 

90 feet, and that the length A, B = 2400 yards, and the head 

E, B = 10 feet, and that 500 gallons were required at F. With 

90 
unifwrm slope we should have = '018, which, by Table 3, 

is a 9-inch pipe, or rather less, for a 9-inch pipe would deliver 600 
gallons with '01742 x 5000 = 87-1 ffeet. But for the delivery 

at B with 10 feet head, and a 9-inch pipe, we have qA7u\ ~ ' 004167, 

which by Table = 245 gallons only, instead of 500 ; and, of 
course, this is all we should get at F with such an arrangement, 
for whatever the size of the rest of the pipe from B to F might 
be, it could not deliver more than it received by the pipe A, B. 

The pipe from A to B should be ^t^q = ' 004167, by Table 3 
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80 



= a 12-incli pipe ; and the pipe from B to F may be ■ - 

•03077 = an 8-inch pipe by Table. We may check these 
yestdts thus: — 

By Table 3. Length. Hesfd. 

12-inch pipe, 600 gallons = -00413 x 2400 = 9-912 feet 
8 „ 500 „ = -0314 X 2600 = 81-64 „ 

Total 91-552 

Thus we jQnd the exact head to be a little more than the head 
at disposal, but in most cases the agreement is near enough for 
practice. 

(21.) When a long main is composed of different sizes of 
pipes and passes over uneven ground, the best course is to draw 
the gradients on the section of the pipes so as to see at a glance 
that none of the hill-tops rise above them. Fig. 11 is a case in 
which, with a fall of 232 feet, we have a 10-inch main 4000 yards 
long, an 8-inch main 3000 yards long, and a 6-inch main 2000 
yards long. To divide the given fall in the proper proportion 
between the different pipes and so find the gradients, let us 
assume that 100 gallons are delivered ; then 

By Table 3. Length. A. 

100 gaUons 10-inch = -000411 x 4000 = 1-644 feet head 
8 „ = -001256 X 3000 = 3-768 „ 
„ 6 „ = -005292 X 2000 = 10-584 „ 

15-996 total head. 

Now, whatever the real head may be, it woxdd have to be 

divided among the several pipes in the same proportions as for 

232 
100 gallons in Col. A, and as the head in our case is ^^ « 

14-504 times the total head for 100 gallons, it follows that the 
real head for each pipe will be 14 * 504 times the head for the 
same pipe in Col. A ; thus the true head 

E, B for the 10-inch pipe will be 1*644 x 14*504 = 28*84 feet 

F, „ 8 „ „ 3*768 X 14*504 = 54*65 „ 
G,D „ 6 „ „ 10*584 X 14*504 = 153*51 „ 

232*00 
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We can now draw the gradients on the section as in Fig. 11, 

and then if the contour of the ground is below them throughout, 

all is well.* The discharge at D may be calculated from any 

64* 65 
one of the pipes ; say we take the 8-inch ; then ^ = • 01822 = 

about 380 gallons by Table 3. 

(22.) " Special CaseaJ* — There are many cases for the solu- 
tion of which no general rules can be given — they require 
reasoning, with the assistance of rules. The following eases 
may be useful : — Say that with pipes, arranged as in Fig. 12, 
we require 50 gallons at B, and 100 gallons at A, and have to 
determine the sizes of the mains. If we assume 3 inches for £, 
the head for that size would be • 0423 x 160 = 6 • 77 feet above 
the level at B, and as that point is 8 feet (or 18 — 10) above the 
level at C, we have at this last point the head of 6 • 77 -j- 8 
= 14' 77 feet to deliver 50 gallons at B. Now, as A is 25 — 
18 = 7 feet below C, the head on A wiU be 14-77 + 7 = 
21 • 77 feet, and to find the size of pipe with that head for 100 

21*77 
gallons, we have ^ = -0871 = a 3J-inch pipe by Table 3, 

We have now only to fix the size of the pipe D to carry 50 + 

100 = 150 gallons : we found the head at necessary for the 

pipes E and F to be 14*77 feet, leaving therefore only 18 — 

14-77 = 3-23 feet for the friction of D, and from this we find 

8*23 

-^rrrr- = '01077 = a 6-inch pipe by Table 3. 

(23.) Take another case shown by Fig. 13, and say that we 
require the head at D to deliver 600 gallons at E by the single 
and double line of pipes ; also to find what proportion of the 
600 gallons passes by the two branches A, C, B and A, B. Let 
us assume that the pipe A, C, B carries 1000 gallons; then the 
head at A for that quantity would be — 
1000 gallons 12-inch pipe = -01653 x 1100 = 18*18 feet head 
„ 9 „ =-0697 X 800 = 55*76 „ 

73-94 „ 

* The principle of this method of caloalating a series of gradients is due 
to C. E. Amos, Esq., of The GroTe, Southwark. 
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And with that head at A, the pipe A, B would at the same time 

73.94 
deHver-3^^ = -0778 = 790 gaUons by Table 8 ; so that the 

two sets of pipes deliver at B 1790 gallons with a head of 
73*94 feet at A, and therefore (13) to deliver the 600 gallons 

required would take 17075 = ^'^ ^®®** Then, the 12- 
inch pipe from D to A would require for 600 gallons . • 00596 x 
1100 = 6-545 feet head, and the 9-inch pipe from B to E, 
•02509 X 400 = 10-036 feet; thus the total head at D wiU be 
6-545 + 8-3 + 10-036 = 24*881 feet. The pipe A, 0, B will 

carry — j=^ = 336 gallons, therefore the pipe A, B must 

take the rest, or 264 gallons. 

(24.) If the head had been given, and the discharge due 
thereto had to be determined, we must have calcuh^ted the head 
for an assumed discharge, and then applied the rule in (13) to 
find the real discharge with the true head. Thus, say that with 
the same arrangement of pipes, we require the discharge at E 
with 45 feet head at D. If we assume 600 gallons, we 

600 X V45 
should find 24-881 feet head as in (23); then , 

^ ^ V2F88i 

fiOO V fi ' 7ftft 

— = 807 gallons, the discharge at E with 45 feet 

head at D, &o, 

(25.) " Delivery and Sudum-pipes to Pumps.'* — ^In calculating 
the sizes of pipes to pumps, it should be remembered that the 
action of a pump is intermittent, especially where there is no 
air-vessel to equalize the velocity of supply and discharge. Say 
we have a single-acting pump 2 feet diameter and 2 feet stroke, 
worked by a crank, <&c., making 16 revolutions per minute. The 
area of the pump being 3-1416 feet, we should have 3-1416 X 
2 X 16 = 100 gallons discharged per minute; but while the 
bucket is descending the delivery is nothing^ and it rises to a 
maximum when the bucket is at the centre of its up-stroke, whero 



or 
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it has the velocity of the crank-pin ; thus in our case the crank- 
path being 2 feet diameter, or 6*28 feet circumference, the 
TTiftYiTmiTn discharge at that moment is 6*28 x 16 x 3*1416 = 
814 gallons, and the pipes must be calculated for that quantity 
instead of 100 gallons, the mean discharge. In most cases, an 
air-vessel is used, which more or less effectively regulates and 
equalizes the velocity of discharge : where the suction-pipe is 
a long one, an air-vessel should be provided for that also. 
Table 5 gives the variation in velocity in different kinds of 
pumps without air-vessels. 

Table 6. — Of the Velocity of Dischabgb by Pumps without 
Air-vessels. 



One Bingle-acting pump, worked by^ 
a crank / 

Two ditto, worked by cranks at right) 
angles J 

One double-acting pump .. 

Three-throw singie-actmg 

Four Bingle-acting, or two double-'^ 
acting .. .. / 



Velocity of Discharge. 


Max. 1 Mean. 


Min. 1 


314-16 


100 


000 


222-00 


100 


000 


157-08 
104-76 


100 
100 


000 
90-69 


111-00 


100 


78-79 



Variation 
percent. 



314-16 

222-00 

157-08 
1407 

82-21 



This Table shows that the common 3-throw pump has a more 
uniform discharge than any other, the maximum velocity being 
under 5 per cent, in excess of the mean ; an air-vessel is hardly 
necessary for such a case, in fact large pumps throwing 600 
gallons per minute have been worked for many years success- 
fully without any air-vessel. 

(26.) " Service-jpipea in Towns!* — The sizes of street service- 
pipes for town supplies cannot be calculated by the ordinary 
rules : we may pursue another method. Certain sizes of lead 
services varying with the sizes of the houses supplied have been 
found necessary by experience. Tor ordinary cases with inter- 
mittent supply we may admit that ^inch pipe will suf&ce for a 
house with 6 or 7 rooms, |-inch for 10 rooms, f -inch for 16 rooms, 
and 1-inch for say 30 rooms. The discharging power of long 
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pipes varies, as tlie 2 -5 power of the diameter (28), thus 4^'^ := 
32, and we shall therefore require 32 l-inch pipes to deliver 
with the same head and length the same quantity of water as a 
4-inch pipe, and we may admit that a 4-inch main would supply 
32 1-inch lead services, &o. Table 6 is calculated on these 
principles. 

Table 6. — Sebvicb Maihb for Watbe-Supplt in Towns. 





Diameter of 


Diameter of Lead ServiceB. 






i 


1 


i 


1 






Branch Mains. 






Nmnber of Houses sapplied. 






n 


15 


9 


6 


3 






2 


32 


18 


12 


6 






^ 


56 


32 


20 


10 






3 


88 


60 


32 


15 






3i 


,, 


74 


47 


23 






4 


•• 


104 


66 


32 





^^ General Laws for Pipes," — The following general statement 
of the laws governing pipe questions may be useful : some of 
these laws apply strictly only to long mains in which the head 
due to velocity may be neglected. 

(27.) When d and L are constant, the discharge, or G, varies 
directly as the square root of the head, so that for heads in the 
ratio 1, 2, 3, the discharge would be in the ratio VIj V2^ and 
VS; or 1,1-414, and 1-732. 

Conversely, — the head is directly as the square of the dis- 
charge, so that for discharges in the ratio 1, 2, 3, we require 
heads in the ratio 1*, 2*, 3*, or 1, 4, 9, &c. 

(28.) When H and L are constant, the discharge is directly 
as the 2*5 power of the diameter; thus with diameters in the 
ratio 1, 2, 3, the discharge will be in the ratio 1*'*, 2**, and 3**, 
or 1, 6 - 6, and 15 • 6. 

Conversely, — ^the diameter will vary directly as the 2*6 root 
of the discharge ; thus for discharges in the ratio 1, 2, 3, the 
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diameter will vary in the ratio *y% •y2^and *'i/S, or 1, 1-32, 
and 1*55, &c. 

(29.) When G and L are constant, the head will be inversely 
as the 5th power of the diameter ; so that for diameters in the 
ratio 1, 2, 4, the heads will be in the ratio 4*, 2*, and 1', or 1024, 
32, and 1. 

Conversely, — the diameter will be inversely as the 5th root 
of the head ; thus for heads in the ratio 1, 2, 4, the diameters 
would be in the ratio ^4^ V^^and ^ij or 1-32, 1-15, and 
1-0, &o. 

(30.) When H and d are constant, the discharge will be 
inversely as the square root of the length ; thus for lengths in 
the ratio 1, 2, 4, the discharge would be in the ratio V^, V27*^^ 
Vi^ or 2-0, 1-414, and 1-0, &c. 

Conversely, — the length varies inversely as the square of the 
discharge ; thus for discharges in the ratio 1, 2, 4, the lengths 
would be in the ratio 4', 2', and 1', or 16, 4, and 1, &c 

(31.) When G and d are constant, the head is directly and 
simply as the length ; thus for lengths in the ratio 1, 2, 3, the 
heads would also be in the ratio 1, 2, 3, &o, 

(32.) " Head for very Low Velocities," — Table 3 gives the 
greatest possible facilily for the calculation of pipe questions, 
as may be seen by the examples we have given, and for all 
ordinary cases the results are correct ; but for very small 
velocities with low heads, say under one foot, &c., experiment has 
shown that the discharges are less than that TaSle would give, 
and for such cases Frony's more difficult and laborious rule 
seems to give the most correct results. The following rule is 
based on that of Prony : — 

Let d = diameter of the pipe in inches. 
H = head of water in inches. 
L = length of pipe in feet 
G = gallons per minute. 
Then 

A6-353 X 5A^ + -00666)*- -0816) x ^ X 2 04 = G. 
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Tlins, say we reqnired the discliarge by a 12-iiich pipe 3000 
feet long with 36 inches head : then 

(l6-353 X ^\qqq^ + -00665)*- -0816) x 144 x 2-04 = 
427*4 gallons. 

We may compare this result with that by Table 3, or rather 
by the rule (- — 4= y = G, given in (5), by which the dis- 
charge comes out 426 gallons, or practically the same as by 
Prony's rule. With a very small head, however, the two rules 
do not agree; thus, with only one inch head, this same pipe 
gives 64*87 gallons by Prony's rule, whereas the other rule 
gives 70 • 98 gallons, or 29 per cent. more. With a large head, 
on the contrary, Prony's rule gives a rather larger discharge 
than the other. The general comparison of the two rules may 
be shown by the case of a 10-inch pipe, 1000 yards long, the 
calculated discharge of which, with different heads, is given by 
the following Table : — 



By the Bole in (5) 
By Prony's Bule 
Difference per cent. 



Head of Water. 



in. 
1 



ins. 
4 



ft Ins. 
21 4 



ft ins. 
85 4 



Discharge in Gallons per Minute. 



45 
33-8 
+33-1 



90 


180 


360 


720 


80-05 


174-6 


364-7 


745 


+11-8 


+3-1 


-1-3 


-3-41 



1440 

1507 

-4-45 



(33.) When the head is the unknown quantity, and the rest of 
the particulars are given, the rule becomes : — 



16-353 



= H. 



Let us take an extreme case, in order to illustrate more folly 
the special adaptation of Prony's formula to very low velocities. 
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Say we require the liead for a lO-inch pipe 4000 feet long, 
discharging only 20 gallons per minute : then 

/ 20 . ^^_V ^...A 4000 



•0816J -00665JX- 



V2-04xl00^ J V^ 10 ac,a* X.X. A 
16^363 = '^^^ "^"^^^• 

Now, by Table 3, the head comes out -00001646 x 1333 = 
•02194 foot, or '263 inch only; so that in this very extreme 

case Prony's rule gives -^rx^ = 2* 38 times the head by the rule 

in (5) or Table 3. 

(34.) Table 29 has been calculated by the following modifi- 
cation of Prony's rule : — 

(y-j->0816f - -00665 Hxd 
196-24 ■" L ' 

In which d = diameter of pipe in inches. 

V = velocity of discharge in feet per second. 
H = head of water in inches. 
L = length of pipe in inches. • 

Table 29 has been calculated for small velocities only, because 
Table 3 gives results sufficiently correct for practical purposes, 
with higher velocities, and is more facile in application. We 
h%ve added opposite each velocity in Table 29 the corresponding 
discharge of pipes, from 1 inch to 24 inches diameter, in order 
to abridge the labour as much as possible. For the use of this 
Table we have the following rules : — 

(35.) 1st. To find the discharge, having H, L, and d given. 
Multiply the given head in inches by the diameter in inches, and 
divide by the length in inches, and find the nearest number 
thereto in Col. 1. Then opposite that number, and under the 
given diameter will be found the discharge in gallons per minute 
Say, we take the case in (32) to find the discharge of a 12-inch 
pipe 3000 feet or 36,000 inches long, with 36 inches head. Then 

— T — or aifrxr^rx - = '012^ tho ucarest number to which in 
Lt ooOOU 
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CoL 1 is '01192, opposite to which, and under 12 inches 
diameter, is 427 gallons, the discharge sought. 

2nd. To find the head, haying G, L, and d giyen. In Table 29, 
under the giyen diameter, find the nearest number of gallons, 
and take from Col. 1 the number opposite to it, which number, 
multiplied by the length in inches, and diyided by the diameter 
in inches, will giye the required head in inches. Thus, taking 
the extreme case in (33) to find the head for a 10-inch pipe 4000 
feet long, with 20 gallons per minute : — The nearest discharge 
under 10 inches diameter is 20*45 gallons, opposite which in 

mi- fxnn-iOA^ ^ a. *i.- i.* • '0001341x48000 
Col. 1 IS ' 0001341, and from this we obtain — = 

* 643 inch head : the exact head for 20 gallons we calculated in 
(33) to be -626 inch. 

It should be observed that Prony's formula does not include 
the head due to velocity of entry (12), which for short pipes 
becomes important. It has been omitted in the preceding illus- 
trations, because with such long pipes as were given in our 
cases it is too small to affect the result sensibly : for instance, 
in the last case, the head for velocity with 20 gallons per minute 

/ 20 \2 
and a 10-inch pipe by the rule in (3) is ( —^ r^ j = • 000237 

foot, or ^i^nd of an inch only. 

(36.) " Square and Bectangular Pipes" — The case of squ£u*e 
or rectangular pipes may be assimilated to that of round ones, 
and the head or discharge may then be calculated by the same 
rules and Tables that we have given for the latter. The velocity 
of discharge, whatever may be the form of the pipe or channel, 
is proportional to the hydraulic radius (57) or the sectional area, 
divided by the circumference or perimeter : in round pipes this 
is always equal to one-fourth of the diameter. 

Say we have a rectangular channel 3 f t. x 1*5 foot. Fig. 39 ; 

the area is 4*5 feet; the perimeter 9 feet, and the hydraulic 

4*5 
radius -^— = *5 foot, which is the same as that of a round pipe 

*5 X 4 = 2 feet diameter. Then to find the head for friction 
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with sncli a diannel, say 100 yards long, discharging 270 cuhic 

270 
feet per minute ; we haye a Telocity of j^ = 60 feet per minute, 

or 1 foot per second, which by Table 29 is equal to 1178 gallons 
per minute with a 24-inch pipe, and by Col. 1 of the same Table 

^ X ^ AAPCQOQ .1. * TT '005928 X L, . 

— = — = • 005928, therefore H = 5 or in our case 

Li a 

^ = • 889 inch, the head required. We 

might have obtained the head approximately by Table 3, say for 
1200 gallons = -000744 x (100 x 12) = -8928 inch. 

We might also have calculated the head more directly by 
Table 30 : — Opposite • 5 the given hydraulic radius, the nearest 
velocity to that given, or 60 feet per minute, is 61 feet, which is 
imder 15 inches fall per mile, or • 00852 inch per yard ; hence 
for 100 yards the head is -00852 x 100 = -852 inch. 

The head for velocity at entry must be added to that for fric- 
tion, and may be found by Table 15 : thus, with a square-edged 
inlet, the head for a velocity of 1 foot per second is given by 
Col. C at Jth of an inch ; the total head is therefore • 889 -f- 
•25 = 1-139 inch. 

By the application of the same principles, the head, or dis- 
charge of a channel of any sectional form whatever may be 
determined. 

(37.) ''Effect of Corrosion or Bust in Pipes" — The rules and 
Tables for calculating the discharge of pipes are adapted only to 
clean and even surfaces, such as are commonly met with in new 
cast-iron pipes. But some soft waters contain a great deal of 
oxygen, which rapidly decomposes iron, forming rust, which is 
deposited, not in an even layer, but in nodules or carbuncles. 

These retard the flow, not so much by the reduction of diameter 
as by the alteration of the character of the surfetce. A notable 
case of this kind occurred at Torquay, where a main about 14 
miles long, composed of 14,267 yards of 10-inch, 10,085 yards 
of 9-inch, and 170 yards of 8-inch pipe, delivered only 317 
gallons per minute, with 465 feet head. We may calculate the 

D 2 
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discharge by the method explained in (13): — Assuming lOOO^ 
gallons, we have by Table 3 : — 

Friction of 10-inch = -04115 x 14267 = 587-1 feet head 
9 „ =-0697 X 10085 = 702-9 „ „ 
8 „ =-1256 X 170= 21-3 „ „ 

1311-3 „ total. 

V465 X 1000 
And from this, the discharge with the re^ head is 



V1311-3 
or ?1^^J^^J^ = 595 gallons. But by Pron/s rule (32) the 

discharge comes out 616 gallons. The experimental discharge 

317 
was therefore only •— -^ = - 51 or 51 per cent, of the theoretical, 

or in round numbers the discharge was that due to }th of the 
head, so that |ths of the head was lost in undue friction. An 
ingenious scraper, suggested by the late Mr. Appold, and worked 
by the pressure of the water, was passed through the entire 
length of the pipes; and subsequently an improved one by 
W. Froude, Esq., was used with remarkable results, the discharge 
being increased to 564, and eventually, by repeated scraping, to 
634 gallons, which is 18 gallons, or 3 per cent, more than the 
theoretical quantity. Errors of observation, or in the reputed 
sizes of the pipes, may account for the discrepancy. 

Dr. Angus Smith's process, by which pipes are coated all over 
with a black enamel, seems to be an effective remedy against 
rusting ; such pipes have been used with Torquay water for 
years without being affected. The process is very cheap, being 
only about 5a. per ton for medium pipes ; it can be effectively 
applied only in the process of casting, while the pipes are new 
and hot. With such a smooth surface as this process produces, 
the discharging power must be increased in a higher ratio than 
the cost, so that such pipes must really be more economical than 
any other. 
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CHAPTEE 11. 

ON FOUNTAINS, JETS, &0. 

(38.) " Height of Jets with given Heads" — When water issues 
vertically from a nozzle, as at J in Fig. 6, it should theoretically 
attain the height of the head, and h should be equal to H ; but 
it has been found by experiment that the height of the jet is 
always less than the head, a loss arising &om the resistance of 
the air. The difference, or h', is found to increase with the ab- 
solute height of the jet, and to diminish with an increase in the 
diameter. There are very few reliable experiments on this sub- 
ject, and the laws indicated by those we have are very intricate. 
The best experiments we have are given in Table 7, and from 
them we find that h' increases nearly in the ratio of the square 
of the head, so that if we draw to scale the successive heights 
found by experiment, as in Fig. 14, we obtain a curve which 
approximates to a parabola. Thus, for a ^inch jet, as in the 
Figure, with 160 feet head, the jet would have attained the 
height B, or 160 feet, if there had been no resistance &om the air ; 
but it is found by experiment that it only reaches 80 feet as at 
D, therefore h' = 80 feet is lost. Again, with 80 feet head the jet 
should have reached C = 80 feet, but the experimental height is 
only 60 feet, and, in that case, h' = 20 feet. Thus with heads 
in the ratio of 1, 2, the loss is in the ratio 1^ 2', or 1 to 4, being 
in fact 20 and 80 feet. 

(39.) Experiment also shows, that the head being constant, h' 
varies nearly in inverse ratio to the diameter of the jet ; for in- 
stance, we have just seen that with 80 feet head on the J-inch 
jet, 20 feet head is lost. Then with a jet 1 inch diameter the 
loss would be about 10 feet, and the height attained 70 feet ; but 
with a ^inch jet the loss would be about 40 feet, and the height 
attained 40 feet, &c. Thus we have the elements for calculating 
approximately the loss of head for any particular case, not 
perfectly agreeing, perhaps, with the true law, but the best 
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Table 7.— Of Expbbtitknts on the Height of Jets with Diffebent 








Heads. 




Diam. 


Head 


Hei^tofJetinFeet 




Loss of Height bj 
Jet in Feet 




of Jet 


on the 
Jet in 
Feet 






Error. 






in 
Inches. 


Experi- 


Galea. 


Experi- 


Calcu- 








ment. 


lated. 




ment 


lated. 












feet 








^ 


365 


284 


282 


-20 


81 


83 


Chatsworth. 


if 


64 


61 


60-1 


-0-9 


3 


3-9 


Witley Court. 




92 


84 


83-86 


-014 


8 


814 


J 


> ) 


115 


103 


102-3 


-0-7 


12 


12-7 


,, 


1 


445 


109 


1360 


+27-0 


336 


309 


Torquay. 


1 


46 


43 


41-2 


-1-8 


3 


4-8 


Witley Court. 


» » 


69 


62 


59-0 


-3-0 


7 


10-0 


f » 


> > 


92 


77 


74-4 


-2-6 


15 


17-6 


f t 


» f- 


115 


93 


87-5 


-5-5 


22 


27-5 


1 1 


t 9 


141 


98 


99-6 


+1-6 


43 


41-4 


» » 


9 9 


162 


106 


107-3 


+1-3 


56 


54-7 


t f 


1 


15 


14-25 


14-44 


+019 


0-75 


0-56 


Weiflbach. 


» t 


80 


27-81 


27-75 


-0-06 


2-19 


2-25 


, , 


t f 


45 


39-42 


39-94 


+0-52 


5-58 


5-06 


t 9 


♦> 


60 


48-36 


51-00 


+2-64 


11-64 


9-00 


» » 


i 


15 


14-04 


14-06 


+002 


0-96 


0-94 


t f 




30 


26-44 


26-25 


-0-19 


3-56 


3-75 


> > 


» > 


45 


36-18 


36-56 


+0-38 


8-82 


8-44 




> f 


60 


42-96 


45-00 


+204 


1704 


1500 


f > 


9 t 


82 


27 


27-7 


+0-7 


5 


4-3 


Witley Court. 


« > 


46 


36 


87-2 


+1-2 


10 


8-8 


*t 


t > 


95 


55 


57-4 


+2-4 


40 


37-6 


t 9 


» t 


118 


63 


600 


-30 


65 


58-0 


9 9 


^ 


28*8 


19 


21-9 


+2-9 


9-8 


6-9 




» > 


64 


30 


300 


00 


34-0 


340 


9 9 



approzimation we can obtain : this is a subject on which more 
experimental information is very desirable. Table 8 gives the 
height of jets with different heads, and is calculated by the 
following role : — 

In which H » the head on the jet in feet. 

„ h' = the difference between the height of head and 

height of jet 
,, d s diameter of jet in ^ths of an inch. 



Digitized by 



Google 



FOmiTAINB — HEiaHT OT JETS WITH DnTEBXMT HXAS8. 



89 





Table 8.— Of the Height of Jets with Different Heads. 




Head 


DiAiisTEB OF Jet ik Ikchss. 


on 
Jet 
tn 


i 


i 


f 


i 


1 


1 


1 


H 


H 


H 


2 


Feet. 


Hkiqht op Jkt in Fbbt. 


10 
20 
30 
40 
50 

60 
70 
80 
90 
100 

120 
140 
160 
180 
200 

220 
240 
260 
280 
300 
350 
400 


8-75 
15-0 
19-0 
20-0 

•• 


9-37 
17-5 
24-4 
30-0 
34-4 

37-5 
39-0 
40-0 

•• 


9-6 
18-33 
26-25 
33-3 
39-6 

45-0 
50*0 
53-0 
56-0 
58-0 

60-0 


9-7 
18-75 
27-2 
350 
42-2 

48-7 
550 
600 
650 
69 

75 

79 
80 


9-75 
19-0 
27-75 
36-0 
44-0 

51-0 
58-0 
64-0 
70-0 
75 

84 
91 
96 
99 
100 


9-8 
19-2 
28-3 
37-0 
45-0 

52-0 
60-0 
67-0 
73-0 
79 

90 

99 
106 
112 
116 

119 
120 


9-84 
19-4 
28-6 
37-5 
46-1 

54-4 
62-4 
70-0 
770 

84 

97 
109 
120 
129 
137 

145 

150 
155 
158 
160 


9-875 
19-5 
29-0 
38-0 
470 

550 
64-0 
72-0 
80-0 
87 

102 
116 
128 
139 
150 

159 
168 
175 
182 
187 
198 
200 


9-9 
19-6 
29-1 
38-3 
47-4 

56-2 
65-0 
73-3 
81-6 
90 

105 
120 
133 
141 
158 

165 
180 
190 
198 
206 
222 
233 


9-91 
19-6 
29-2 
38-6 
47-8 

56-6 
65-6 
74-2 
83-0 
91 

107 
123 
137 
151 
166 

177 

189 
200 
210 
220 
241 
257 


9-92 
19-7 
29-3 
38-7 
48-0 

57-0 
66-0 
75-0 
84-0 
92 

109 
125 
140 
155 
169 

182 
195 
208 
219 
230 
255 
275 



(40.) It is a result of this rule, that each particular size of 

jet attains its maximum height with a certain head, and that if 

the head is increased beyond that point, the height of jet is not 

increased thereby, but is actually diminished. This result is 

anomalous : it may be that an excessive head breaks the issuing 

stream into spray and causes it to meet with more resistance 

from the air than a jet of solid water issuing with a moderate 

head. Experiments with excessive heads show an enormous 

loss : thus a jet 1 inch diameter with 445 feet head, reached a 

height of about 109 feet only, as measured by a theodolite. 

445* 198025 

Our rule gives the loss V = -g- x '0125, or — -= — x '0125 
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= 809 feet, and hence the height of jet is 445 - 309 = 136 fSset. 
The error of 27 feet is considerable, but perhaps not more than 
might be expected in such an extreme case. 

(41.) " Discharge of Jets" — The quantity of water discharged 
will vary considerably with the form of the nozzle. The form 
is also a matter of importance, as affecting the solidity of the 
issuing stream, and thereby the height of the jet. Fig. 15 shows 
the best form of nozzle, and Table 9 gives the general proportions 

Table 9.— Of the Pbopobtions of Nozzles for Jets. 





A. 


B. 


C. 


D. 






in. 


in. 


in. 


in. 






i 


•45 


•6 


•3 






^ 


•67 


•9 


•45 






•90 


, 12 


•6 






; , 


1^12 


1-5 


•75 






1-35 


1-8 


•9 






1 


1^80 


2-4 


12 






li 


2-25 


3-0 


1-5 






^ 


2-70 


3-^ 


1-8 




, 


li 


3-15 


4-2 


21 






2 


3-6 


4-8 


2-4 






^ 


40 


5-4 


2-7 






2i 


45 


6-0 


3-0 






2f 


4-9 


6-6 


3-3 






8 


6-4 


72 


3-6 





for different sizes. The lip at E projecting beyond the mouth 
is intended to pi:otect the bore from indentation by accident. 
The discharge by well-made nozzles of this form will be about, 
• 943, the theoretical discharge being 1 • 0, and may be found 
^ direct by the following rule : — 

G= VSxd^x '24; 
In which H = the head of water on the jet in feet. 
d = the diameter in ^ths of an inch. 
G = gallons discharged per minute. 
Table 10 has been calclated by this rule. 
(42.) " Jets at the End of Long Mains," — When a jet is placed 
at the end of a pipe, or series of pipes, as is usually the case, 
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42 EPPBOT OF LONG MAIKS TO FOUNTAIN JETS. 

calculation must be made of the loss of head by friction in such 
pipes, so as to obtain the actual head on (he jet, for which alone 
the rules and Table apply. Say, for illustration, we take the 
case, shown by Fig. 16, of a jet 1 inch diameter, 70 feet high, 
at the end of a long main 6 inches, 5 inches, and 4 inches 
diameter, of the respectiye lengths given by the Figure, and that 
we have to calculate the head necessary. Table 8 shows that a 
jet 1 inch diameter, 70 feet high, requires 80 feet head ; and 
Table 10 gives the discharge of the same jet, with 80 feet head, 
at 137 gallons. Then, by Table 3, we calculate the friction of 
the mains, and we have the following results : — 

Feet 

Head to play 1 -inch jet 70 feet high = 80-00 

Friction 6-inch main, say 140 gallons = -01037 X 600 = 6-22 
» 5 ,» „ = -0258 X 300 = 7-74 

M 4 », „ = -0788 xlOO= 7-88 

Total = 101-84 
(48.) In other cases we may have the head and diameter of 
pipes and nozzle given, and have to determine the discharge. 
This case is illustrated by Fig. 17, and in dealing with it, we 
must follow the course indicated in (13). Say we assume the 
discharge at 300 gallons ; Table 10 shows that a jet 1 J inch 
diameter requires about 75 feet head for that quantity. Then, 
by Table 3, we find the friction of the mains as follows : — 

Feet 

Head to play l}-inch jet, 300 gallons = 75-00 

Friction 7-inch main, 300 gallons = -022 x 800 = 17-60 
w 6 „ „ = -0476 X 400 = 19-04 

,) 5 « « = -1185 X 80= 9-48 



Total = 121-12 
So that for our assumed discharge of 300 gallons we require only 
121 • 12 feet, instead of 150, the head at disposal Then by the 
rule in (13) the true discharge with 150 feet head will be 

— . = 334 gallons. In such cases as this, where the 

V121-12 

height of a jet is involved, the discharge assumed should be pretty 

near the true one. 
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(44.) In another case we might require to find the diameter 
of one of the main pipes, having all the rest given. Thus, say 
that we have to find the diameter of the pipe P, in Fig. 18. 
Table 8 gives 90 feet as the head for IJ jet 80 feet high ; and 
Table 10 gives 227 gallons as the discharge of the same jet with 
90 feet head. 

Then, IJ jet 80 feet high, by Table 8 .. 90* feet head 
Friction of 6-inch main = -028 x 400 .. 11*2 „ 

101-2 „ 

We have therefore 115 - 101 -2 = 13- 8 feet of head left for 

13*8 
thefrictionof thepipeP, or -^^r^ = '069 foot per yard; which 

by Table 8 is equal to a 5-inch pipe with say 230 g^ons, and 
this is the required diameter of the pipe P. 

(45.) ^^ Path of Fawntain Jete." — When the discharge takes 
place obliquely, or out of the perpendicular, the path of the jet 
is a parabola, and may be conveniently described by the method 
shown in Fig. 23, in which we have a jet discharging upward at 
an angle of 45^, and with a head of 14 feet, which by Table 11 
will give a velocity of 80 feet per second, or 8 feet per tenth of 
a second. If we mark on the line S, E a series of points A, B, C, 
&c., 3 feet apart, they would show the position of a particle of 
water at each tenth of a second if gravity did not act : but of 
course gravity does act simultaneously, and Table 12 gives the 
space fallen through each tenth of a second, which, being plotted 
on the perpendiculars drawn through each of the points A, B, 0, 
&c., will give the true position of the particle of water at each 
tenth of a second. Thus, in -^^ths of a second it would have 
arrived at C, if uninfluenced by gravity, but the Table shows 
that in that time a body falls 1 foot 5^ inches ; therefore F is 
the true position at that moment, and so of the rest, as in the 
Figure, which gives the path for two seconds. The lower 
curve S, T in Fig. 23, shows the path of a jet with the same head 
and velocity projected downwards at the same angle of 45^. 
Fig. 19 gives the path for a horizontal projection, and also 
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Table H.—Falling Bodies, giviug the Space fallen throngli to 
acquire certain Velocities. 



Velocity 






Velocity 






Velocity 




in Feet 


Space. 


in Feet 


Space. 1 


In Feet 


Space. 


per Second. 






per Second. 






per Second. 






a 


Ins. 




ft 


Ins. 




ft. -ins. 


1 





0^ 


21 


6 


10 


41 


26 1 


2 





of 


22 


7 


6 


42 


27 5 


8 





ll 


23 


8 


3 


43 


28 9 


4 





3 


24 


9 





44 


30 1 


5 





H 


25 


9 


9 


45 


31 5 


6 





6J 


26 


10 


6 


46 


32 10 


7 





H 


27 


11 


4 


47 


34 4 


8 


1 





28 


12 


3 


48 


36 10 


9 


1 


3i 


29 


13 





49 


37 4 


10 


1 


6J 


30 


14 





50 


88 11 


11 


1 


lOi 


31 


14 


11 


52 


42 


12 


2 


3^ 


32 


15 


11 


54 


45 4 


13 


2 


7i 


33 


16 


11 


56 


50 


14 


3 


ol 


34 


18 





58 


52 


15 


3 


6* 


35 


19 





60 


56 


16 


4 





36 


20 


1 


62 


59 8 


17 


4 


6 


37 


21 


5 


64 


63 8 


18 


5 





38 


22 


6 


66 


67 8 


19 


5 


7 


39 


23 


9 


68 


72 


20 


6 


3 


40 


24 


11 


70 


76 



Table 12.-—Falling Bodies. 



Time. 


Whole Space 


Velocity acquired. 


Time. 


Whole Space 


Velocity acquired. 


Seconds. 


&Uen. 


Feet per Second. 


Seconds. 


fallen. 


Feet per Second. 




ft ins. 


ft 




ft ins. 


ft 


T^ 


iH 


3-2 


ll^ 


19 4f 


35-2 


A 


7| 


6-4 


1^ 


23 04 


38-4 


-^ff 


1 5i 


9-6 


1^ 


27 Oi 


41-6 


1^ 


2 6A 


12-8 


ll^ 


31 4| 


44-8 


Tfe 


4 


16-0 


ll^^ 


36 


48-0 


Vb 


5 9^ 


19-2 


ll% 


41 


51-2 


T^ 


7 10^ 


22-4 


ll^ 


46 2f 


54-4 


T^ 


10 2| 


25-6 


ll^ 


51 1 


57-6 


Tfe 


12 Hi 


28-8 


life 


57 9\ 


60-8 


1^ 


16 


320 


2 


64 


64-0 
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illustrates another method of drawing the parabolic curve, which 
consists in dividing the total space fallen through J, K into the 
same number of equal parts as the line H, J, and drawing radial 
lines from the point H, as shown. The path of the jet is through 
the intersections of the radial lines with the perpendiculars, as 
in the figure : the two methods give the same result precisely. 

(46.) There are some general laws governing the parabolic 
paths of jets which it will be well to state explicitly. Let Fig. 
20 be a jet playing obliquely from a nozzle at J, and striking 
the horizontal plane at G. 

1st. If the line of direction of the pipe or axis of the jet be 
prolonged, it cuts the axis of the parabola at a point C, whose 
distance from the base is always double the height of the 
parabola, or C N is equal to twice D N. This gives a useful 
rule for finding the proper angle of the jet pipe when the path 
of the jet has been determined. 

2nd. If we find the focus of the parabola by the ordinary 
method, namely, by bisecting the radius of the base at A, 
drawing the line A D, and making A L perpendicular to A D, 
then the point L is the focus of the parabola and the distance 
N L is the extra head h necessary to play the jet horizontally^ 
or the difference between the maxim um height of the jet and the 
head upon it at J. Thus the total head H' may be considered 
as divided into two portions, namely, H, which is equal to the 
height of the parabola D N, and i^, which is equal to the distance 
of the focus of the parabola from the base. 

Srd. 1{, therefore, with the same head the jet were made to 
play vertically, it would (theoretically) attain the height of H', 
instead of H. 

4th. In all cases, h bears a certain proportion to the height of 
the parabola (H), and to the length of its base B, and may be 

calculated from those particulars by the rule h = ^ ■ ; thus, to 

play a jet 32 feet horizontally (B), and 16 feet high (H), as in 

gi 

Fig. 21, we shall have A = -— = 4 feet, which, added to the 

Id 
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height of the jet path (16 feet), gives 20 feet for the total head 
on the jet. 

5th. The horizont^ distance &om the nozzle at J to the point 
on the plane at G, where the jet strikes it, may be calculated 
when the total head H' and the height of the parabola H are 
given ; for obviously ^' — H = j^, and knowing ^, we may find 
B by the rule V^ x H x 4 = B. Thus, in Fig. 21, we have 
H' = 20, and H = 16 ; therefore, A = 20 - 16 = 4, and then 

V4x 16 X 4 = 32 feet. 

6th. When the jet issues horizontally, as in Fig. 25, its path 
is half a parabola, following the same laws as before, namely, 



(4P)« 



A = F, also A = ^-^ , and VA X H X 2 = P, &c. 

(47.) In some cases, the two half parabolas are unequal, 
as in Fig. 24, where we have a jet 20 feet high at its maxi- 
mum, delivering at N = 15 feet high, and 24 feet distant hori- 
zontally from the nozzle at J, and we require to find h = 
the extra head, and to describe the path of the jet. Here wO 
have first to find the position of the centre line dividing the 

semi-parabolas, and to do this we have — :=: = = E, which 

VH + VH" 

24 X 4' 472 

in our case becomes . ._- ?r-K?i>. = 16 feet Then the focus 

4-472 4- 2-236 

of the two semi-parabolas may be found as before, and it wiU be 

("^ 

found that F and F' are equal. TLus, in our cage F = -^rpr- = 



©■ 



3-2 feet, and F= — =3-2 feet also. F being equal to h, 

we thus find h to be 3*2 feet, and the total head at J will 
therefore be 20 + 3*2 = 23*2 feet (H'). If we reverse the 
direction of the jet, placing the nozzle at N, instead of at J, 
then, with a head of 5 + 3'2 = 8*2 feet, the path of the jet 
would be the same as before. 
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(48.) We liave followed throughout the investigation of the 
paths of oblique jets, the theoretical law that the height of the 
jet is equal to the head, and we have done this to avoid compli- 
cating the matter unnecessarily ; but obviously, we must apply 
to oblique jets the correction we found necessary for perpen- 
dicular ones. Thus, if we had a jet ^inch diameter, with 80 
feet head, Table 8 shows that the height attained vertically 
would be only 60 feet, and if this jet played obliquely, its path 
should be calculated for the latter height, but the quantity of 
water expended, and the value of h must be calculated for 80 feet. 

Oblique jets of great height and range, deviate considerably 
from the true parabolic path assigned by the rules; the curve 
becomes in such cases like A, D, E in Fig. 22, the true parabolic 
path being A, B, 0. But for moderate heights and ranges, such 
as usually occur in practice, the deviation is not considerable. 

(49.) "Ornamental Jets.'* — There are many kinds of orna- 
mental jets which may be used with pleasing effect in very 
sheltered situations, especially in the interior of conservatories, 
&c. One of thfese, called the " Convolvulus," from the form of its 
display, is shown in half-size section by Fig. 26. The pressure 
of a very small head of water (2 or 3 feet) raises the valve B, 
and allows a thin sheet of water to escape, forming a sheet jet of 
the form given in Fig. 27, and (with the size given by Fig. 26) 
about 8 feet diameter, with an expenditure of about 6 gallons 
per minute. 

Fig. 28 is a half-size section of the " Dome" or " Globe" jet, 
which produces a display of the form shown by Fig. 29, witii a 
head of about 2 feet, the globe being about 14 inches diameter, 
and the expenditure about 3 gallons per minute. With a greater 
head, say 3 or 4 feet, the display has the form of an Umbrella 
about 21 inches diameter, expending about 4 gallons per 
minute. 

The " Basket and Ball" jet is another pleasing variety; the 
basket is of fancy wire-work, large enough to catch the ball 
when it escapes from the jet of water, and formed so as to 
return it back to its place. The ball is formed of light wood 
(lime-tree is the best), painted or gilded, and well varnished. 
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48 CANALS, OULVBETS, AND WATBB-OOUBSKS. 

There should bo a certain proportion between tJie size of the 
ball and the diameter of the jet. As an approximation we may 
give the following rule ; — 

Vd^ X 1-3 = D; 

In which d = the diameter of the jet in |^ths of an inch. 
D = the diameter of the ball in inches. 

Table 13 has been calcnlated by this rule ; it gives the propor- 
tions up to 1-inch jets, but the f-inch jet, with 3^inch ball is 
usually the maximum size in practice. 

Table IS.—For Ball Jets. 



Diameter of Jet 




Diameter of BaU. 


^inch 


= 


l^inch 


* » 


= 


If „ 


f » 


= 


2i „ 


i » 


= 


2f „ 


1 » 


= 


H r, 


1 « 


= 


^ » 


i « 


= 


■ 4 » 


1 » 


^ 


4| „ 


CHAPTEB in. 



ON CANALS, CULVERTS, AND WATEE-COtJBSES. 

(50.) " Open Water-courses" — The discharge of open water- 
courses may be found experimentally by observing the velocity 
of the current and measuring the cross sectional area of the 
stream. But to do this correctly we require the mean velocity 
throughout the section, which is not given by observation. The 
velocity varies, being a maximum at the surface and where the 
channel is deepest, which is usually near the centre of the width, 
diminishing from thence to the banks on either side, and to the 
bottom, where it is a minimum. 

The best experiments we have, give the mean velociiy 
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throngliOTit tlie section at 84 per cent, of the maximum central 
Bxa&ce velocity, whicli is usually tlie velocity observed, being 
easily obtained by a float on the surface of the stream (68). 
Table 14 gives the mean velocity corresponding to observed 
maximnm velocities ; thus, if a channel whose area is 24 square 
feet, has by observation a central surface velocity of 35 feet 
per minute, the mean velocity by the Table is 29 • 4 feet, and the 
discharge will be 29*4 x 24 = 705-6 cubic feet, or 705-6 x 
6-23 = 4396 gallons per minute. 

Table 14. — For Open Channels, Canals, and Eivebs, giving the 
Mean Velocity throughout the Section, corresponding to 
observed Central Surface Velocities. 



Surface 


Mean 


Surface 


Mean 


Surface 


Mean 


Surface 


Mean 


Velocity. 


Telocity. 


Velocity. 


Velocity. 


Velocity. 


Velocity. 


Velocity. 


Velocity. 


1 


•84 


26 


21-84 


51 


42-84 


76 


63-84 


2 


1-68 


27 


22-68 


52 


43-68 


77 


64-68 


3 


2-52 


28 


23-52 


53 


44-52 


78 


65-52 


4 


3-36 


29 


24-36 


54 


45-36 


79 


66-36 


5 


4-2 


30 


25-2 


55 


46-20 


80 


67-2 


6 


5-04 


31 


26-06 


56 


47-04 


81 


68-04 


7 


5-88 


32 


26-88 


57 


47-88 


82 


68-88 


8 


6-72 


33 


27-72 


58 


48-72 


83 


69-72 


9 


7-56 


34 


28-56 


59 


49-56 


84 


70-56 


10 


8-4 


35 


29-4 


60 


50-4 


85 


71-40 


11 


9-24 


36 


30-24 


61 


51-24 


86 


72-24 


12 


10-08 


37 


31-08 


62 


52-12 


87 


73-08 


13 


10-92 


38 


31-92 


63 


52-92 


88 


73-92 


14 


11-76 


39 


32-76 


64 


53-76 


89 


74-76 


15 


12-60 


40 


33-6 


65 


54-6 


90 


75-6 


16 


13-44 


41 


34-44 


66 


55-44 


91 


76-44 


17 


14-28 


42 


35-28 


67 


56-28 


92 


77-28 


18 


15-12 


43 


36-12 


68 


57-12 


93 


78-12 


19 


15-96 


44 


36-96 


69 


57-96 


94 


78-96 


20 


16-8 


45 


37-8 


70 


58-8 


95 


79-80 


21 


17-64 


46 


38-64 


71 


59-68 


96 


80-64 


22 


18-48 


47 


39-48 


72 


60-48 


97 


81-48 


23 


19-32 


48 


40-32 


73 


61-32 


98 


82-32 


24 


20 16 


49 


41-16 


74 


62-16 


99 


83-16 


25 


21-0 


50 


42-0 


75 


63-00 


100 


84-00 



(51.) "Head due to Velocity in Open Channels" — When a 
stream leaves tbe still water of a lake or reservoir, as in Fig. 80, 
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at a giyen velocity, there will be a oertam loss of bead to gene- 
rate that yelooitj, that is to say, the stream at F must be lower 
than the still water at E in order to create the velocity reqnired 
at G. In a case like tbe Figure, the bottom of the cbannel at F 
being at tbe same level as the bottom of the reservoir at E, and 
with a well-rounded entrance, the velocity would be * 96 of that 
due to gravity, and the same co-efficient would apply to the water- 
way of a sluice-gate, like Fig. 81, if the gate is drawn up com- 
pletely out of the water, and to the openings of a bridge with 
pointed piers, as at Fig. 32, the conditions being evidently similar 
in all the three cases. With similar conditions, but wiUi square 
comers at the sides of the inlet opening, as in Fig. 34, the 
bottom of the channel being still at the same level as that of the 
reservoir, the velocity at G would be '86 of that due to gravity, 
or to the difference of level between E and F, and the same co- 
efficient applies to the openings of a bridge with square piers as 
in Fig. 33. 

With an opening in a sluice-gate of small thickness, as at 
Fig. 36, the head of water being above the lower edge of the 
gate, the velocity is only * 636 of that due to gravity, a contrac- 
tion (2) occurring on all the four sides of the aperture. If the 
gate be folly drawn up, the opening becomes a weir, as at Fig. 36^ 
then contraction occurs on three sides only, and the co-efficient 
rises to • 667. These co-efficients are given by Eytelwein, and 
Table 16 gives the velocities for different heads calculated by 
them. 

(62.) ^^ Head to overcome Friction of Channel" — When the 
channel is a long one, there is not only a loss of head due to the 
velocity, but also a further loss by friction against the sides and 
bottom. Where the channel is of equal cross-sectional area 
from end to end, the loss of head increases uniformly from end 
to end, and the surface of water has a certain slope or fall per 
yard, or per mile. Fig. 37 shows the section of a water-course 
in which the fall from the still water in the reservoir at A to 
the point B is due to the velocity at B, and this would be the 
same whatever the length of the channel ; its amount varies 
with the form of the entrance as explained in (61). From B to 
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C tliere will be a regular slope when the area of the channel is 
uniform, and the fall CD is due to friction for the length B C. 



Table 15.— ( 


3f the Velocities in Feet per Second, due to given 


Heads. 


Head 
in 


A. 


B. 


C. 


D. 


Head 
in 


A. 


B. 


C. 


D. 


Inches. 


Coef. l-O. 


Coef. -96. 


Coef. -86. 


Coef. -635. 


Inches. 


Coef. I-O. 


Coef. -96. 


Coef. •86.Coe£-635. 

1 


1^ 


•29 


-2784 


-2494 


•18415 


1 


2-317 


2-2224 


1-9930 


1-4713 


s 


•41 


•3936 


•3524 


-2603 


U 


2-590 


2-4864 


2-2270 


1-6446 


s 


•58 


-5568 


•4988 


•3683 


^ 


2-837 


2-7235 


2-4398 


1-8015 


i 


•82 


-7872 


•7052 


•5207 


^ 


3-065 


2-9424 


2-6360 


1-9463 


I 


1-0 


•9600 


•8600 


-6350 


2 


3-276 


3-145 


2-8174 


2-0803 


i 


1-158 


1-1117 


•9959 


•7353 


2i 


3-475 


3-336 


2-9885 


2-2066 


T^ 


1-295 


1-2432 1-1140 


•8223 




3-663 


3-516 


3-1502 


2-3260 


f 


1-418 


1-3613 


1-2195 


•9004 


2a. 


3-842 


3-688 


3-3041 


2-4397 


^ 


1-532 


1-4707 


1-3175 


•9728 


3 


4-012 


3-851 


3-4503 


2-5476 


i 


1-638 


1-5725 


1-4087 


1^0401 


3i 


4-176 


4-009 


3-5914 


2-6517 


^ 


1-737 


1-6675 


1-4938 


1-1030 


3i 


4-334 


4-161 


3-7272 


2-7521 


f 


1-831 


1-7577 


1-5747 


1-1627 


3I 


4-486 


4-306 


3-8580 


2-8486 


H 


1-921 


1-8442 


1-652 


1-2198 


4 


4-633 


4-448 


3-9844 


2-9420 


1 


2-006 


1-9258 


1-725 


1-2738 


H 


4-914 


4-717 


4-2260 


3-1204 


if 


2-088 


2-0045 


1-796 


1-3259 


5 


5-180 


4-973 


4-455 


3-2893 


i 


2-167 


2-0803 


1-863 


1-376 


H 


5-433 


5-216 


4-672 


3-450 


H 


2-243 


2-1533 


1-929 


1-424 


6' 


5-675 


5-448 


4-881 


3-6036 



(53.) This fall may be calculated by the following rule : — 






xLxP 



874:620 X A' 

In which L = length of the channel in yards. 

A = cross-sectional area of the stream in square feet. 

P = the perimeter, or wetted border in feet. 

F = the fall, or difference of level at the two ends of 

the channel in inches. 
C = cubic feet discharged per minute. 

Thus, in the case shown by Fig. 38, A being 6 x 2*5 = 15 
square feet, P = 2'5-f-6 + 2-5 = 11 feet, say that with such 
a channel 1760 yards, or one mile long, we require the fall to 

E 2 
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52 OAKALS — DISOHABGE WITH GIVEN HEADS. 

discliarge 1105 cubic feet per minute : then by the mle we 

(2105)% 1760x11 

have in our case ^-.^^^ rz- = 8 inches falL 

874:520 X 15 

(54.) To this has to be added the head for the velocity at 

entry, or A B in Fig. 37. The mean velocity being — r- = 

73 '66 
73-66 feet, the maximum (50) will be = 87*7 feet per 

minute, or 1*4:6 foot per second, the head for which, with square 
corners, is given by Col. C of Table 15 at about ^inch. Then 
for a channel one mile long, the total head will be 8 + ^ = 8^ 
inches ; for ^th of a mile, or 220 yards, 1 -(- i = 1^ inch, and 
for 110 yards, ^ -j~ i = ^ inch. In the last case the head for 
velocity is equal to the head for fiiction. 

(55.) When the fall is given, and the discharge has to be 
calculated the rule becomes : — t 

Thus, with the same channel as before, 1760 yards long, and a 
fall of 12 inches, the discharge would be ( vTori vi ) 

X 15 = 1353 cubic feet per minute. We have omitted in this 
case to allow for the head due to velocity, and where the channel 
is a long one, the omission will not cause a serious error ; with 
short channels, however, it must not be neglected. 

(56.) When, with a given total head, we have to calculate the 
discharge by a channel so short that the head for velocity has 
to be considered as well as that due to friction, the question does 
not admit of a direct solution, because we cannot tell beforehand 
in what proportions the head at disposal has to be divided 
between the two. The best course in that case is to assume 
a discharge, and calculate, as in (53) and (54), the head for 
friction and the head for velocity with that discharge. Then 
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applying the law (27) that the discharges are directly propor- 
tional to the square roots of the respective heads, we may obtain 
the true discharge with the given head. Thus say that with the 
channel (Fig. 38) 50 yards long, the toted head at disposal was 
2 inqhes, and that we have to calculate the discharge. Say we 
assume it at 1000 cubic feet ; then the head for friction would be 

/lOOOY .^ ,, 
\"Tk")^ 50 X 11 
^ -^^ ^ -186 inch. 



874520 X 16 



The mean velocity being -y^ = 66*7, the maximum will be 

fifi'T 

— — . = 79*3 feet per minute, or 1*32 foot per second, the head 

for which by Col. C in Table 15 is about ^ or '437 inch ; the 
total head for 1000 cubic feet is, therefore, '186+ -437 = 
'623 inch: hence the discharge with 2 inches head would be 

1000 X V2 1000x1-414 ,^^, .... 

— o« = 1791 cubic feet per nunute. 

V-623 -7893 ^ 

Checking this result by the rule in (53) &c., we find that the 
head for friction is about • 6 inch, and for velocity 1 • 4 inch. If 
in this case the head for velocity had been neglected, and the 
full head of 2 inches had been allowed for friction alone, the dis- 
charge would have come out ( ^^^^f q ^ i r~T ^ "^^ " ^^^^ 
cubic feet, instead of 1791, the true discharge. This will serve 
to show the importance of considering the head for velocity with 
short channels. 



cation 



(57.) Table 30 has been calculated by the following modifi- 
tion of the rule : — 

V = (f X R X 497)* 

In which V = mean velocity in feet per minute. 
F = the fall in inches per mile. 
B = hydraulic radius, or area in square feet, divided by 
border in feet. 
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The use of this Table may be illustrated by the following 
examples : — Say we calculate by it the discharge of the channel 
(Fig. 38) with a fall of 12 inches per mile as in (55). The 

1 K 
hydraulic radius in our case is :pj- = 1 • 363 foot, the nearest radii 

to which in the Table we find to be 1 * 3 and 1 • 4, and the corre- 
sponding velocities under the fall of 12 inches per mile are 
88*1 and 91*4 respectively; interpolating between those num- 
bers for our radius 1 • 363 we find the mean velocity to be about 
90-2 feet, and the discharge 90-2 x 15 = 1353 cubic feet per 
minute. 
Again, to find the fall with the same channel 800 yards long 

1230 
for 1230 cubic feet per minute : — The mean velocity being --r- 

ID 

= 82 feet per minute, we look between 1 • 3 and 1 • 4 radii in the 

Table for that velocity, and we find it to be imder the fall of 

10 inches per mile, or • 00568 inch per yard ; hence the fiall 

in our case is about '00568 x 800 = 4*54 inches for friction 

alone, or C D in Fig. 37. 

(58.) Take another case, shown by Fig. 40, of an open cutting 

with sloping banks, and say that we require the discharge with a 

30 -4- 20 
fall of 8 inches per mile. The area being — ^ — x 2*5 = 62-5 

square feet, and the border 5-6 + 20 + 5-6 = 31-2 feet, the 

fi9« ft 
hydraulic radius is ^^-^ = 2, which, by Table 30, with a fall of 

8 inches per mile will have a velocity of 89-2 feet, and a dis- 
charge of 89-2 X 62-5 = 5575 cubic feet per minute. 

(59.) " Biver Channels of irregular Cross-section" — The appli- 
cation of the rules to the discharge of a stream of the natural 
irregular form of section may be illustrated by Fig. 41. We 
found in (68) that the area was 27-74 square feet; taking say 
2 feet in the compasses, and stepping along the border, we find 
it to measure about 24 • 5 feet, the hydraulic radius is, therefore, 
27-74 
'KaTk' = 1 * 1^2 ^"^*- Then, with a fall of say 10 inches per 
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mile, Table 30 gives, opposite the radius of 1 ' 1 (which is the 
nearest to the one we require), the mean velocity of 73 • 9 feet per 
minute ; hence the discharge is 73 • 9 x 27*74 = 2050 cubic feet 
per minute. With a very short channel, allowance should be 
made for velocity at entry, as explained in (56). 

Table 30 may also be applied to the calculation of the dis- 
charge, &C., of common pipes running full, or to those of a 
square or other section, for an illustration of which see (36), also 
to culverts, &c., partially filled, see (62). 

(60.) " Openinga of Bridges, dc." — The head lost by a stream 

in passLug through a bridge is principally that due to velocity 

alone, the length of the channel being in most cases so short as 

to have little influence on the discharge. The head for velocity 

may be calculated by Table 15 : say we take the case (58) of 

the stream (Fig. 40) discharging 5575 cubic feet per minute, 

and passing through an opening at a bridge, say 8 feet wide and 

3 feet deep. The area being 8 x 3 = 24 square feet, the velocity 

5575 

'^^^ h® TiTA TTPi = 3 • 87 feet per second, which, with pointed 

24 X 60 ^ 7 x- 

piers (Fig. 32) will require by CoL B of Table 15, 3 inches 

head (A, B in Fig. 37). But, the stream approaches the bridge 

89*2 
with a mean velocity of 89*2 feet, or a maximum (50) of 

= 106 feet per minute, or 1 * 77 foot per second, the head due to 
which by the same Table is |^ inch. The head at the bridge is, 
therefore, reduced to 3 — f = 2f inches ; with square piers 
(Fig. 33), the head by CoL is 3| inches, or at the bridge 
33 _ 5= 3| inches. 

(61.) ^^ Submerged Openings" — The velocity of discharge 
through a submerged opening A (Fig. 43) is governed by the 
difference of the level of water at the two sides of it, or by H, 
and is not affected by the depth below the surface at which it is 
placed. Table 15 will give the velocity with small heads : thus 
an aperture 2 feet.x 1*5 foot = 3 square feet area, and with H 
= 5 inches, would, by Col. D of Table 15, discharge 3*2893 x 3 
= 9*87 cubic feet per second. 
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(62.) " Discharge by Egg-shaped Culverts," — The discharge of 
culverts of the common oval or other forms may be calculated by 
the preceding rules, or by Table 30. The proportions of culverts 
are arbitrary. Fig. 44 shows a good form, and Table 16 gives 
the general sizes, areas, &c., when filled to two different depths, 
80 as to adapt the Table to the varying requirements of practice. 
Say we take the case of a 5-feet culvert |ths full of water or 
4 feet 2 inches deep, with a fall of 10 inches per mile, then, by 
Table 16, the hydraulic radius is 1 • 105, and the area of water- 
way 10-82 feet ; by Table 30 we find that with 1-1 hydraulic 
radius, and a fiEtll of 10 inches per mile, the mean velocity is 
73-9 feet, and the discharge 73-9 x 10' 82 = 800 cubic feet per 
minute. 

(63.) With very short culverts, allowance must be made for 

the velocity at entry by Table 15, &c. ; thus, in the case just 

given, if the culvert had been only 45 yards long, the fall due to 

friction alone would have been, by Table 30, equal to '00568 

73*9 
X 45 = '255 or J inch ; the mean velocity is —^ = 1 • 23 and 

1-23 
the mftTimnm --— =1*46 foot per second, the head due to 

which by CoL C of Table 15 is about J inch. The total head is 
therefore, i + i = f of an inch. To calculate with precision 
the discharge of short culverts, with a given fall, the method 
explained in (56) should be followed. 

(64.) ^* Head far very Lmo Velocities," — In ordinary cases 
Table 30 gives results sufficiently correct for practical purposes 
with great fewjility, but with very small velocities experiment 
has shown that the head is considerably greater than that Table 
would give. In such cases the more laborious and refined 
formulte of Prony, Saint Venant, and Eytelwein give more 
correct results. A comparison of these three rules with 96 ex- 
periments on the discharge of rivers shows that Eytelwein's 
rule agrees best with 38 experiments. Saint Yenant's with 32, and 
Prony's with 26. The following is a modification of Eytelwein's 
rule: — 
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^ ^ /896400 X F X A 



f 42-8^* -6-534) X A; 



LxP 

In which L = length of the channel in yards. 

„ A = cross-sectional area of the stream in sqnare feet. 
„ P = the perimeter, or border of the channel in feet. 
„ F = the fall, or difference of level at the two ends of 

the channel in inches. 
„ C = cubic feet discharged per minute. 

(65.) Thus, say that we require the discharge by the channel, 
Fig. 40, 1 mile long, with a fall of 1 inch only, then L = 1760, A = 
62 '5, P = 81-2, as in (58), and F = 1, and the discharge wiU be 

cubic feet per minute. We may compare this result with that 

given by the rule in (55), by which the discharge comes out 

/874520j^Jo^^2;5\| 1070 kw. 

y — Yf^ ^YTo — ) X 62*5 = 1972 cubic feet per minute == 

1972 



1629 



= 1*21, or* 21 per cent, difference. But with an increased 



head, the difference becomes less, and is reduced practically to 
nothing with large heads, as shown by Table 17. 

Table 17.— Of the Discharge of an Open Chanhbl, Fig. 40, 
calculated by Different Rules. 



Fall in 


Calculated Discharge, 


DiflFerence 
per Cent. 




Inches 






By Table 30. 


per Mile. 


By Rule in (64). 


By Rule in (65). 












Velocity. Area. Discharge. 


1 


1629 


1972 


210 


31-5 X 62-5 = 1969 


2 


2444 


2788 


14-1 


44-6 ,, 2788 


3 


3073 


3416 


111 


54-6 ,, 3413 


4 


3556 


3943 


10-9 


63-0 ,, 3938 


5 


4074 


4409 


8-2 


70-5 .. 4406 


6 


4499 


4830 


7-3 


77-2 .. 4825 


8 


5253 


5577 


6-2 


89-2 ,, 5575 


10 


5918 


6235 


5-3 


99-7 ,, 6231 


12 


6519 


6834 


4-9 


109-2 ,, 6825 


24 


9380 


9649 


3-0 


154-4 ,, 9650 


36 


11576 


11831 


2-2 


189-1 ,, 11819 
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Tliis shows that in all cases where extreme accuracy is desired, 
the rule in (64) should be used ; but that where the fall exceeds 
8 or 10 inches per mile, Table 30 gives results sufficiently 
correct for most practical purposes. 

(66.) When the discharge is ^ven, to determine the £eJ1, the 
rule becomes 



F = 



(^ + 6-534j-42-8)xLx P 



896400 X A 

Thus the fall for friction with the same channel, Fig. 40, 2000 
yards long to deliver 8000 cubic feet per minute would be 

f????-!- 6-534Y- 42-8) x 2000 x 31-2 

\^^ I =3-26, or 8i inches. 

896400 x 62-6 

Adding the head due to velocity at entry (61), the mean velocity 

is ^rt— ¥ = ^^> *^<^ *^® maximum —^ = 57 feet per minute, or 
62 • 5 '04 

•95 foot per second, the head for which by Col. C of Table 15 
is about i inch ; the total head is therefore 3J -f- J = 3 J inches. 
(67.) Table 18 has been calculated by the following modifi- 
cation of Eytelwein's rule : — 

(V + -1089)«- -0118858 ^ ^ 
8975 ^'^' 

In which V = the mean velocity over the whole area in feet per 

second. 

T» XI. 1. J T ji- • i» X area in square feet 
B = the hydraulic radius in feet, or — r — 5— -^ — r— : — 

border in feet 

,, _ fall in inches 

8 = the slope, or , — --r—, — ; — r— . 
^ length m mches 

By this Table approximately correct results may be obtained 
with less labour than by the rules. 

1st. To find the Velocity. — Multiply the area of the channel 
in square feet by the fall in inches, and divide the product by the 
border in feet multiplied by the length of the channel in inches : 
find the nearest number thereto in Col. B of Table 18, and oppo- 
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site to that number in Col. A is the required velocity. Thus 

for the case in (65) we have 31. 2 x^(1760^x 86) = '^^^^^^^^ 
the nearest number to which is '00003043 opposite '425 foot 
per second. By interpolation we may obtain a nearer approxi- 
mation ; for, as B . S varies nearly as V, we have 
/'425' X -0000316 ^^ /a80625 x^SlGa ._ . ^ 

( -00003043 ) "' ( ^043 ) = '^^^^ ^^* ^' 

second, hence the discharge comes out '4331 x 60 x 62*5 = 
1624 cubic feet per minute, or practically the same as by the 
rule (65). 



Table 18. — For the DiscHARaB of Canals, 


Rivees, &c., by 


Eytelwein's Kule. 






Mean Velocity 




Mean Velocity 








in Feet per 


E.a 


in Feet per 


E.S. 






Second. 




Second. 








•025 


•0000006734 


•6 


.•00005466 






•05 


•000001489 


'65 


•00006284 






•075 


•00000244 


•7 


•00007158 






•1 


•000003538 


•75 


•00008087 






•125 


•000004771 


•8 


•00009072 






•15 


•000006144 


•85 


•00010112 






•175 


•000007656 


•9 


•0001121 






•2 


•000009307 


•95 


•0001236 






•225 


•OOOOlll 


1-0 


•0001357 






•25 


•00001303 


11 


•00016146 






•275 


•00001510 


1-2 


•0001895 






•3 


•00001730 


1-3 


•00021984 






•325 


•00001966 


1-4 


•0002524 






•35 


•00002214 


1-5 


•00028703 






•375 


•00002477 


1-6 


•00032402 






•4 


•00002753 


1-7 


•0003632 






•425 


•00003043 


1-8 


•0004047 






•45 


•000033484 


1-9 


•000448 






•475 


•00003666 


2-0 


•0004943 






•5 


•00003998 


2-5 


•000757 






•55 


•00004705 


30 


•001075 






A 


B 


A 


B 





2nd. To find the Fall. — Divide the given discharge by the 
given area, and by 60, which will give the mean velocity in feet 
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per second; find the nearest number to that in Col. A, which, 
multiplied by the border in feet and by the length of the chan- 
nel in inches, and divided by the area in square feet will give 

the fSaU in inches. Thus, for the case in (66) we have -FnTR = 

48 feet per minute, or ^ = • 8 foot per second, the tabular num- 
ber for which is -00009072 ; then 

•00009072 X 31-2 X (2000XA6) = 8-26 inches fall. 

0^*0 

as before. 

68. " Case of a Mill-atream" — ^As an example of the practical 
application of the rules, we will take a case in which it is 
desired to utilize a stream of water for driving a corn-mill. Say 
we have a stream 1500 yards long, with a total fall of 6 fb. 6 in. 
from the tail of the preceding mill. We have first to ascertain 
the quantity of water at disposal : selecting a spot where the 
current appears to be tolerably uniform for some 100 feet, and a 
season when the quantity is an average one according to local 
authorities, say we take it at a point 24 feet wide as in Fig. 41. 
We have then to obtain the area of the stream, and to do that, may 
divide the width into eight equal spaces of 3 feet each, as in the 
Figure, which may be done conveniently by stretching a tape 
across the stream : then we measure the depths midway between 
those divisions or at 1*5 foot, 4*5, 7-5 feet, &c., &c., using a 
measuring rod with a flat board about 7 or 8 inches square at 
the end of it, to prevent penetrating the soft bottom ; and thus 
we obtain the series of measurements given in the figure, the 
mean of which we find to be 1 - 156 foot, the area is therefore 
1-156 X 24 = 27-74 square feet. To find the velocity, two 
lines may be stretched across the stream near the surfieu^, and 
say a '< chain" or 66 feet apart, and a float being placed « few 
yards above the highest one, and in the centre of the width, or 
rather where the velocity is observed to be greatest, the exact 
time in passing from liae to line is carefully noted. This float 
should be a small piece of thin wood, say only J-inch thick, so 
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as to be almost wholly immersed, and thus expose little surface to 
the action of the wind. Say that the float travels the 66 feet in 

20 seconds, in one minute therefore it would be — jr^r — = 

198 feet This being the maximuTn velocity, the mean (60) over 
the whole area would be 198 X • 84 = 166 feet per minute, hence 
the discharge is 166 x 27*74 = 4600 cubic feet per minute. 

(69.) The total fall is 6 feet 6 inches ; allowing 6 inches for 
the fall of the stream itself, the net fieJl at the wheel will be 
6 feet ; a cubic foot of water weighing 62 • 3 lbs. ; the horse- 
power being 33,000 foot-pounds; and allowing that a breast- 
wheel yields 50 per cent., or • 5 of the gross power of the water, 

, 4600X 62-3X 6x -5 _, k - j, 

we have oono?) ~ ^" horse-power. A pair of 

4-fe6t stones, grinding 4 bushels of corn per hour, requires 
about 4 horse-power, and a dressing-machine about 6 horse; 
if we allow four pairs of stones, we should require 16 + 6 
= 22 horse-power, leaving 4 horse-power for the mill-gearing 
and small machines, &c. The diameter of the water-wheel 
may be about 2*5 times the fall, say 15 feet, and the speed 
of its circumference being 4 feet per second, or 240 feet per 
minute, and the depth of the bucket 1*5 foot, the width of 

the wheel would be ^r^x ^— r =12*8, say 13 feet. With other 

240 X 1-5 ' ^ 

kinds of water-wheel the duty would be different : a good over- 
shot wheel would give from 70 to 80 per cent., a breast-wheel 
from 45 to 60, and an undershot, in which the water acts only 
by its impulse, from 27 to 30 per cent. 

(70.) The channel must now be altered, so as to deliver 4600 
cubic feet per minute, with a fall of 6 inches in 1500 yards, or 

— =-— — — = 7 inches per mile. When altered to the form 

24 -4- 12 
A, B, C, D, the area will be — ^ — x 3 = 54 square feet, the 

mean velocity to discharge 4600 cubic feet will be ^ . = 85 * 2 
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feet per minute; the border is 6*7 4-12 4-6*7 = 25*4 feet, 

64 
and the hydraulic radius ^^ = 2* 126 feet. Then by Table 30 

between 2 and 2*2 radii, the yelocity 85*2 feet is found to be 
under the fall of 7 inches per mile, the fiEJl we allowed. It 
should be observed that it is imperatiye that the slope shall be 
uniform from end to end, at least where the area of the channel 
is uniform. 



CHAPTEE lY. 

ON WBIBS, OVERFLOW-PIPKS, &0. 

(71.) " Weirs" — ^Fig. 36 shows a weir arranged for the pur- 
pose of gauging experimentally the quantity of water passing 
down the stream. A is a plate of thin iron with a notch cut out 
of it wide enough by estimation to carry off the water with a 
moderate depth of overfall ; this is screwed to a thick plank B, to 
obtain the requisite stiffiiess for the plate, and the whole is fixed 
in the stream as shown. C is a stake with a flat and level top, 
which is driven into the bed of the stream to such a depth that 
its top is exactly level with the lip of the weir, and the depth of 
water flowing over is measured by a common rule held on its 
summit. The proper distance of the stake from the weir de- 
pends on the quantity of water to be dealt with ; in small weirs 
it may be from 1 to 2 feet, in very large ones 20 to 25 feet ; the 
object is to place it far enough away to avoid the curvature of 
surface which the water suffers as it approaches the weir, as 
shown by the Figure. There is some uncertainty in measuring 
by a rule in the manner indicated, arising from the capillary 
attraction causing the water to adhere to the rule and to rise 
above its true height. A more correct method is to use Francis's 
hook-gauge, a rough modification of which is shown by Fig. 36. 
The stake J is, in this case, driven to such a depth that its top 
is at a height convenient to the eye, say 30 inches above the level 
of the lip of the weir ; then a rough hook-gauge D, formed of 
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wood about 1 inch thick, is cut in the form shown, the end E 
being flat and level, and the length E F made exactly equal to 
G H or 30 inches. The hook-gauge is held against the stake, 
and carefully adjusted, by the hook at E being first immersed, 
and then raised until it just coincides with the surfeuse of the 
water ; the depth of overflow is then given by the distance from 
the top of the stake to the top of the gauge at F, measured by a 
rule, &c. 

(72.) With a thin plate, and depths thus measured from still 
water, we have the following rules : — 

G = dx V^xZx2-67 



dx V^X 2-67 



X 2-67> 

In which G = gallons discharged per minute. 
„ d = depth of overflow in inches. 
„ Z = length of weir in inches. 

Thus, with 2 inches overflow, a weir 72 inches long discharges 

2 X 1*4142 X 72 X 2' 67 = 643'7 gallons per minute; again, 

to discharge 694 gallons per minute, with 3 inches overflow, we 

694 

should require a length of ^ tt^^qo — oTc^r = ^^ inches ; and 

t> X X*7oJ X ^*o< 

again, to And the depth of overflow to carry 1282 gallons, with 

1282 ^ 3/- 

a length of 60 inches, yre have go x 2*67 ~ ^' ^ ®^ v 8 = 2, 

and 2' = 4 inches, the depth required. Table 19 has been calcu- 
lated by these rules, and its use may be illustrated by the ex- 
amples just given ; thus with 2 inches overflow the Table gives 
7* 652 gallons per inch, and a weir 72 inches wide will discharge 
7 '552 X 72 = 643*7 gallons; a weir with 3 inches overflow 
discharges 13 '87 gallons per inch of width, and for 694 gallons 

694 
we require a length of = 60 inches ; a weir 60 inches 
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65 



1282 
long discharging 1282 gallons is eqnal to ~^rr- = 21 '36 gallons 

per inch wide, which by the Table is due to 4 inches overflow, &c. 



Table 


J 19.— Of the DiscHABGB of Wateb 


over " 


Wbibs, 1 inch wide, 




in Gallons 


per Minute. 




Depth. 


Gallons. 


Depth. 


Oallons. 


Depth. 


Gallons. 


Depth. 


Gallons. 


Depth. 


Gallons. 


inch. 




inch. 




inch. 




inch. 




inch. 




i 


•3338 


5 


29-85 


16^ 


179-0 


52 


1001 


89 


2242 


1 


•6132 


5^ 


30-97 


17 


187-1 


53 


1030 


90 


2280 




•944 


5^ 


32 12 


17i 


195-5 


54 


1060 


91 


2318 


^ 


1-329 


5f 


33-26 


18 


203-9 


55 


1089 


92 


2356 


i 


1-734 


5J 


34-44 


19 


221-1 


56 


1119 


93 


2395 


i 


2-185 


H 


35-62 


20 


238-8 


57 


1149 


94 


2433 




2-670 


^ 


36-85 


21 


256-9 


58 


1179 


95 


2472 


li 


3-185 


M 


38-02 


22 


275-5 


59 


1210 


96 


2512 


li 


3-818 


V 


39-24 


23 


294-4 


60 


1241 


97 


2551 


If 


4-305 


6i 


41-72 


24 


313-9 


61 


1272 


98 


2590 


11 


4-905 


6i 


44-25 


25 


333-8 


62 


1304 


99 


2630 


J.' ' 


5-531 


4 


46-82 


26 


3540 


63 


1335 


100 


2670 




6-167 


7 


49-45 


27 


374-6 


64 


1367 


101 


2711 


Ji 


6-855 


n 


52-12 


28 


395-6 


65 


1399 


102 


2751 


2 


7-552 


i 


54-84 


29 


417-0 


^ 


1432 


103 


2791 


2i 


8-271 


7f 


57-61 


30 


438-7 


67 


1464 


104 


2825 


4 


9-011 


8 


60-41 


31 


460-8 


68 


1497 


105 


2873 


H 


9-773 


3i 


62-54 


32 


483-3 


69 


1531 


106 


2914 


2t 


10-55 


4 


66-17 


33 


506-1 


70 


1564 


107 


2955 


2| 


11-36 


H 


69-11 


34 


529-3 


71 


1597 


108 


2997 


2^ 


12-18 


9 


72-09 


35 


552-8 


72 


1631 


109 


3039 


24 


13 02 


9i 


75-12 


36 


576-7 


73 


1665 


110 


3080 


3 


13-87 


n 


78-18 


37 


600-9 


74 


1700 


111 


3122 


3i 


14-75 


^ 


81-29 


38 


625-4 


75 


1734 


112 


3165 


4 


l£r-64 


10 


84-43 


39 


650-4 


76 


1769 


113 


3207 


34 


16-55 


lOi 


90-84 


40 


675-5 


77 


1804 


114 


3250 


3i 


17-48 


11 


97-41 


41 


700-9 


78 


1839 


115 


3293 


3f 


18-42 


iH 


104-1 


42 


726-7 


79 


1875 


116 


3336 


3} 


19-39 


12 


1110 


43 


752-9 


80 


1910 


117 


3379 


8* 


20-37 


12i 


118-0 


44 


779-3 


81 


1946 


118 


3422 


4 


21-36 


13 


125-1 


45 


806-0 


82 


1983 


119 


3466 


H 


22-37 


13i 


132-5 


46 


832-8 


83 


2019 


120 


3510 


4 


23-39 


1^ 


139-8 


47 


860-3 


84 


2056 


121 


3553 


4 


24-38 


14i 


147-4 


48 


887-9 


85 


2093 


122 


3598 


H 


25-49 


15 


155-1 


49 


915-8 


86 


2130 


123 


3642 


4 


26-56 


15i 


163-0 


50 


944-0 


87 


2162 


124 


3687 


4 


27-64 


16^ 


170-9 


51 


972-4 


88 


2204 


125 


3731 


4 


28-74 






V 
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(73.) ''Effect of Thtchnesa of Crest:'— When the Kp of the 
weir has a considerable thickness, which is frequently a practical 
necessity, the discharge will be less than with a thin plate, a loss 
arising from friction. Mr. Blackwell's experiments, made on a 
large scale, and with depths of overfiEtll ranging from 1 inch to 
14 inches, give us the following coefficients, by which Table 19 
may be adapted to the forms commonly met with in practice : — 



Thin plate, weir 10 feet long « .. 

Plank, 2 inches thick, square edged, weirs 3, 6, 10 feet long 
Crest, 3 feet thick, level at the top, „ „ „ 

„ „ sloped top, slope 1 in 12 to 1 in 18 



Ratio of 
Discharge. 



1-000 
•845 
•712 
•760 



Thus, say we have a river-weir 30 feet wide, with 6 J inches 
overfall, the crest having a slope of 1 in 12, then the discharge 
will be 44-25 x 360 x '76 = 12,107 gallons per minute, or 

^^ = 1943 cubic feet. 

(74.) Table 19 may be applied to rectangular apertures like 
Fig. 35, for the discharge in such a case is the difference between 
two weirs. A, B, C, D, and A, E, F, D ; say the head to the top of 
the aperture (A, B) is 16i inches, and to the bottom (A, E) 
22 inches, and that the width (E,F) is 20 inches. Then, by 
Table 19, 22 inches = 276*6 gallons per inch, and 16J inches = 
179 • gallons ; the diflference is, therefore, 275 • 6 - 179 • = 96 • 6, 
and the discharge 96 ' 6 x 20 = 1930 gallons ; but as contractum 
occurs on four sides in this case, see (51), the real discharge 
would be 1930 x '635 -i- -667 = 1837 gallons per minute. 
The coefiGlcients in (73) do not apply to apertures with large 
heads. 

Similarly we may determine the discharge of round apertures, 
or approximately of any regular figures, which will not differ 
materially from that of a circumscribing rectangular opening, 
reduction being made for the true area of the figure whose dis- 
charge is required. Thus, say we require the discharge of a 
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oircxdar aperture 12 inclies diameter, the head measured &om 
the upper edge of the orifice being 14 inches, therefore, 26 inches 
above the lower edge. Here we have 354 • — 139 • 8 = 214 * 2 
gallons per inch wide, and if the aperture were rectangular it 
would discharge 214*2 x 12 = 2570*4 gallons; but being cir- 
cular its area is *7854, that of a circumscribing rectangle being 
1-0, and the true discharge is 2570*4 x '7854 x "635 -i- -667 
= 1922 gallons per minute. 

(75.) « Effect of Velocity of Approach to Weirs, dcJ'^We 
have so far supposed that iJie head has been measured from still 
water, or that the channel was of very large area in proi)ortion 
to the discharging orifices. When the channel is of small area, 
the water will have a sensible velocity as it approaches the aper- 
ture, which will increase the discharge, and correction must be 
made for it by adding to the measured head, that due to the ob- 
served velocity of approach. Table 15 gives the head due to a 
range of velocities such as are likely to be met with in ordinary 
practice ; thus, in the case of a weir 60 inches wide, with 
3| inches overfall, the discharge = 18 • 42 x 60 =- 1106 • 2 gallons, 
but if the velocity of approach had been 66 feet per minute or 
1 * 1 foot per second, we find the head due to that velocity iif 
Col. B = i inch, and the head on the weir becomes 3f + J = 3|^, 
and the discharge 20*37 x 60 = 1222 gallons. More strictly, 
it is the difference between two weirs with the respective over- 
faUs of i inch and 3|, or (20-37 - • 3338) x 60 = 1202 gallons, 
instead of 1105*2 gsJlons, as we found it for stiU water. 

(76.) " Correction for ShoH Weirs:'— The rules in (72) assume 
that the discharge of a weir is simply proportional to its length. 
This is not strictly correct ; in ordinary cases where the weir is 
narrower than the channel, the issuing stream suffers contraction 
at the two ends, by which its length is virtually reduced, and as 
this contraction is about the same with all lengths its effect is 
proportionally greater with short weirs than with long ones. 
The experiments of Francis show that the effect of contraction 
at both ends is to reduce the effective length * 2 inch for each 
inch in depth of overfall, or 1 inch with 5 inches deep, 2 inches 
with 10 inches deep, &c. With 5 inches overfall, and weirs 

F 2 
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5, 10, 20, 50, and 100 inches long. Table 19 gives 149, 298, 
597, 1492, and 2985 gallons per minute; but deducting one 
inch from all those lengths, they are reduced to 4, 9, 19, 49, and 
99 inches, and the discharges become 119, 268, 567, 1462, and 
2955 gallons. Francis gives a rule for weirs with thin plates, 
of which the following is a modification : — 

G = 2-4953 X (l-0'lnd)xd^ 

In which n = the number of end contractions (usually two), 
and the rest as in (72). Where the weir is the fall width of 
the channel, n = 0. By this rule, with the real lengths given 
above, the discharges come out 112, 251, 530, 1367, and 2762 
gallons, which are rather less than with the reduced lengths by 
Table 19. 

(77.) « Overflouhpipes to Tanks, <fcc."— The rules and Table 
for weirs apply also with approximate correctness to an overflow- 
pipe to a tank, as in Fig. 46, which may be considered as a cir- 
cular weir whose length is equal to the circumference of the 
trumpet-mouth. The following rules will give the same result 
more directly : — 

Q=:J>X^XdxS'4: 
G 



d = 



8-4 X D X VD 



-(Vs-:^)' 



In which d = the diameter of the trumpet-mouth in inches, 
D = depth of water over the lip (measured from still-water) in 
inches, and G = gallons discharged per minute : Table 20 has 
been calculated by this rule. The size of the discharge-pipe A 
must be determined by the ordinary rules ; with short pipes the 
discharge is governed principally by the head due to velocity, 
which is given by Table 1 rather than Table 2 for a pipe of this 
form. For tanks 3 feet deep, and with a discharge-pipe of that 
length. Table 21 gives the maximum discharge. Say we had 
to provide for 400 gallons per minute : — Table 21 shows that 
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4 inclies is the smallest size of pipe admissible, and allowing 
2^ inclies for overflow, Table 20 gives 12 inches for the least 
diameter of trumpet-month. We must allow some margin for 
contingencies, and in such a case, the lip of the trumpet-mouth 
should not be less than 3 inches below the top of the tank, and 
thus 3 inches is practically lost in the useful depth of the tank. 

Table 21. — Of the Maximum Dischabgb of Vebtical Pipes 
3 Feet long. 



Diameter of 

Pipe 
in Inches. 



Maximiiin Dls* 

dmrge in Gallons 

per Minute. 



1 

I' 
2J 
3 



19 

45 

88 

145 

220 



Diameter of 

Pipe 
in Inches. 



Mazimnm Dis- 
charge in Gallons 
per Minute. 



3J 

4 
5 
6 

7 



303 
400 
630 
920 
1300 



(78.) Fig. 47 shows a simple contrivance of the late Mr. Appold, 
by which this loss may be avoided, and the water-level not 
allowed to rise more than about |th of an inch above the lip of 
the trumpet-mouth, even when the descending pipe is discharg- 
ing full-bore. B is a dished cover of sheet copper, &c., supported 
on four brackets 0, 0, cast on the pipe, so that its lip at D is 
at the same level as the lip of the trumpet-mouth. When the 
water rises to that level, it does not immediately flow over when 
the lip is dry, but rises perhaps ^th of an inch above it, and 
then, suddenly overflowing, creates a partial vacuum under the 
cover, causing the water to rise there above the level of the water 
in the tank and filling the pipe full-bore. The air under the 
cover is swallowed up by the rush of the water, and the maximum 
quantity which the pipe can carry is delivered. This continues 
till, the water being drawn down below the lip of the cover at D, 
air enters, and the action suddenly ceases, to be again repeated 
should the water rise. As the action depends on the suction of 
the down-pipe, which will not be perfect if the bore is not well 
filled, it is exDodient not to make that pipe much larger than 
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necessary. It is nsnal to construct the pipe so as to serve as a 
wash-out valve, the joint at the bottom being turned and bored 
to fit water-tight 

(79.) " Overflows to Fountains'' — ^In ornamental fountains with 
shallow basins it is important that the water-level should fluc- 
tuate as little as possible ; hence the form of overflow-pipe just 
described is specially applicable to such cases. It is generally 
desirable that the pipe should be concealed, which may be done 
by fixing it in a small supplementary cistern by the side of the 
fountain basin, with a large passage between them. For small 
fountains with say 100 gallons per minute, an inverted overflow- 
pipe may be used, as in Fig. 42 ; a short pipe A, which serves 
also as a waste-pipe to empty the basin when necessary by the 
cock B, carries the overflow trumpet-mouth C. Say we have 100 
gallons ; then with a 6-inch pipe at A, the head for velocity at 
entry would be about 1 inch, and with a 12-inch trumpet-mouth 
the head for overflow, by Table 20, is also 1 inch, so that the 
water-line would fluctuate 2 inches. The cock B may be of 
smaller size, say 3 inches, the end of the pipe being reduced to 
suit it. With care, such an arrangement might be used for a 
very large quantity, by adjusting the cock so as to carry rather 
less than the supply, leaving the trumpet-mouth to carry off the 
surplus and regulate the level. 

(80.) " Common Overflow^^J' — ^When an overflow takes the 
form of a short pipe inserted in the side of a cistern, as in Fig. 45, 
and the water to be carried off is just sufficient to fill the pipe, the 
discharge will be given approximately by the following rule : — 

G = (2«*x3-2; 

In which G = gallons discharged per minute. 
„ d = diameter in inches. 

Table 22, which has been calculated by this rule, may also be 
useful for another purpose. It sometimes happens that the only 
datum which an engineer obtains as a basis for rough estimates 
is, that a spring or stream delivers " about as much as a pipe of 
a certain size would carry." This, of course, is very indefinite, 
but in most cases it means the amount which a pipe would dis- 
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charge without extra pressure, as in Fig. 45 and Table 22 : thns 
an 8-inch pipe just filled delivers about 580 gallons per minute : 
— the pipe in (37) was observed to be nearly filled with the 
issuing stream when discharging 564 gallons. 

Table 22.— Of the Dischabgb of Outlkt-pipbs, Fig. 45. 



Diameter. 


Gallons per 


Diameter. 


Gallons per 


Diameter, i Gallons per 


Inches. 


Minute. 


Inches. 


Minute. 


Inches. 1 Minute. 


1 


3-2 


5 


179 


13 


1950 


H 


8-8 


6 


283 


14 


2346 


2 


181 


7 


415 


15 


2788 


2i 


31-6 


8 


580 


16 


3277 


3 


50-0 


9 


778 


17 


3814 


8} 


73-3 


10 


1012 


18 


4400 


4 


112-4 


11 


1284 


19 


5037 


H 


1380 


12 


1600 


20 


5725 



CHAPTER V. 



&0., &0, 



ON THB STBXKGTH OF WATEB-PIPBS — RAINFALL, 

(81.) " Strength of Thick Pipe^."— The strength oi pipes to 
resist an internal pressure is not simply proportional to the 
thickness of metal. The material stretches or extends under a 
tensile strain, and the result of extension is, that the inside 
metal is more strained than that of the outside, and that thick 
pipes are weaker in proportion to their thickness than thin ones. 
Barlow has given the following rules :— <- 

R + P 



T = 



P = 



S-P 
Sx T 
R+T 



g^ (R + T)xP , 
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In which S = the cohesive strength of the metal per square 

inch. 
„ P = the internal pressure per square inch, in the ^ 

same terms as S. 
„ E = the radius of the inside of the pipe in inches. 
„ T = the thickness of metal in inches. 

For cast-iron S may be taken at 7 ' 142 tons, or 16,000 lbs. per 
square inch, and with that strength we obtain the bursting pres- 
sure given by Table 23, which shows that with a 10-inch pipe 
a thickness of 10 inches gives only four times the strength due 
to a thickness of 1 inch. 

Table 23. — Of the Strength of a 10-inch Cast-ibon Pipe to Eesist 
Internal Pressure, in Tons per Square Inch. 



Thickness in inches .. .. 
Pressure by Barlow's rule . . 
Pressure by exact calculation 


1 
1-19 
1-226 


2 . 
204 
2-161 


3 

2-68 
2-896 


4 
3-17 
3-485 


5 
3-57 
3-972 


Thickness in inches .. .. 
Pressure by Barlow's rule . . 
Pressure by exact calculation 


6 
3-90 
4-337 


7 
417 
4-722 


8 
4-40 
5-019 


9 
4-59 
5-275 


10 
4-76 
6-5 



Barlow's rule supposes that the extensions are simply propor- 
tional to the strain, which is not quite correct ; by taking the true 
extensions we obtain the second series of bursting pressures given 
in the Table by a calculation which need not be here elaborated. 

(82.) " Strength of Thin Pipes," — Barlow's rule is quite inap- 
plicable to comparatively thin pipes, such as are commonly used 
for water and gas ; there are other and practical considerations 
which that rule does not contemplate. With thin pipes and 
moderate pressures, we have to consider not only the thickness 
necessary to bear the pressure, but also that required to bear the 
traffic along the roads in which they are commonly laid. Again, 
although great care is taken to keep the core central, it is seldom 
perfectly so ; a pipe intended to be ^inch thick is frequently 
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t 


cwt. qre- lbs. 
1 10 
2 2 

2 20 

1 1 
1 3 18 


C4 rHrH 1-1 C9 
NC0rt<»O«0 


7 8 9 
10 2 
15 2 
21 
27 10 


33 2 14 
50 2 6 
69 1 12 
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BSS^sg 
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l-ll-H<N 


i 


cwt qrs. lbs. 
18 
1 26 

2 14 

1 19 
1 8 1 


2 1 16 

3 15 

4 

4 3 13 

5 8 12 


6 8 21 

9 15 

13 1 14 

18 

23 1 


28 2 9 
42 2 18 
57 3 
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35 
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f ths at one side and f ths at the other, and of course the least 
thickness governs the strength of the pipe. And again, there 
are in most cases shocks arising from the closing of cocks, &c., 
against which it is necessary to provide adequate strength. In 
thin pipes, therefore, the determination of the thickness becomes 
a practical question, and we must obtain an empirical rule from 
experience. The rule may take the following form : — 



=(f+-)+(^). 



In which D = the diameter of the pipe in inches. 
„ H = the safe head of water, in feet. 
„ t == the thickness of metal in inches. 

Table 24 has been calculated by this rule, and we have also 
given the approximate weights, from gas-pipes in which the 
pressure is practically nothing, up to 1000 feet of water. Engi- 
neers usually specify the weight of their pipes rather than the 
thickness, leaving the founder to fix that for himseK, which long 
practice enables him to do with considerable precision. Of 
course absolute correctness cannot be attained, and should not 
be expected; a margin should be allowed, say one x>ound to 
the inch, either way ; so that, for instance, a 10-inch pipe for 
100 feet head, specified to weigh 4= cwt. 2 qrs. 10 lbs., as per 
Table 24, should not be rejected if its real weight is between 
4 cwt. 2 qrs. lbs. and 4 cwt. 2 qrs. 20 lbs., &c. Founders con- 
sider this to be a fair allowance for variation in weight. 

(83.) "Proportions of Socket-pipes*' — The joints of water- 
pipes are usually made by sockets and spigots run with melted 
lead ; and this is the best mode. Such pipes are easy to cast, 
and consequently cheap, the joints are more easily made than 
with flanges, and they admit a considerable departure from the 
strictly straight line which is sometimes very convenient. But 
to allow for this the sockets must be made of larger diameter 
than is necessary where the line is straight, and for this reason, 
perhaps, sockets are frequently made larger than they should be 
for making a good joint. For ordinary cases } inch in thickness 
or j^ inch in diameter will suf&ce for pipes of 3 inches diameter 
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and nnder ; say -^ from 3 to 10 inches ; and f fot larger sizes. 
Table 25 gives the general proportions for socket-joints, weight of 



Table 25.— Of the Pkopobtions of Joints, &c., for Cast-ieon 






Socket-pipes. 




Diameter 
of Pipe 


Depth of 
Socket 


Lead.Joint. 


Laying 






per yard. 


in Inches. 




Thicknesa. 


Depth. 


Weight in Ibp. 


Prime Cost 




incheik 








<. d. 


H 


3 


t 


H 


1-2 


11 


2 


3 


i 


14 


1-4 


1 


2* 


3^ 


i 


1, 


1-6 


1 1 


8 


H 


i 


1^ 


2-3 


1 2 


4 


4 


A 


2 


4-0 


1 3 


5 


4 


A 


2 


50 


1 5 


6 


H 


A 


2i' 


6-5 


1 7 


7 


H 


A 


2i 


7-7 


1 10 


8 


H 


A 


2i 


8-2 


2 1 


9 


H 


A 


4 


10-4 


2 6 


10 


H 


A 


4 
4 


11-5 


3 4 


12 


4 


i 


180 


4 6 



lead, &c. : we have also added the average cost of laying pipes, 
including excavating the ground and making good the same ; this 
will vary of course with the nature of the ground and the cost of 
labour in different localities. 

In Table 26 we have given the weights of socket-pipes and 
connections by Bailey, Pegg, and Co., of Bankside, Southwark : 
by reference to Table 24: it will be seen that these pipes are of 
a weight and strength suitable for about 150 feet head in the 
larger sizes, and 250 feet in the smaller ones. 

(84.) ^^Proportions of Flange-pipes.^^ — Flange-pipes are not 
very often used for water, for reasons abeady given ; but they 
are convenient for temporary purposes, where the joints have to 
be frequently broken. Table 27 gives the best proportions for 
the flanges, bolts, &c., which wiU be found to differ considerably 
from those adopted by many makers. The flanges of cast-iron 
pipes are frequently made excessively large in diameter and very 
light in metal. India-rubber rings form the most convenient 
kind of joint for flange-pipes. 
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STRENGTH OF LEAD PIPES — POWER OF HORSES, ETC. 



Table 27.— Of the Pbopobtions of Cast-ieon Flanqe-pipbb. 



Diameter of 


Diameter of 


Thickneai of 


No. of Bolts. 


Diameter of 


Diameter of 


Pipe. 


FUinge. 


Flange. 


Bolts. 


arcle of Bolts. 


inches. 


inches. 


inches. 




inches. 


inches. 


H 


t^ 


i 


3 


1 


3i 


2 


^ 


i 


3 


tV 


3f 


l^ 


6 


1 


4 


tV 


44 


3 


6i 


* 


4 


i 


5 


4 


8 


i 


4 


A 


64 


5 


9i 


f 


4 


^ 


n 


6 


lOi 


i 


6 


^ 


8i 


7 


12 


i 


6 


i 


10 


8 


13i 


i 


6 


1 


IH 


9 


IH 


1 


6 


i 


124 


10 


16 


1 


6 


i 


^^ 


12 


18^ 


1 


6 


* 


16^ 



(85.) " Strength of Lead Pipes" — The strength of lead pipe 
may be calcalated by Barlow's rule (81), taking the cohesive 
strength of drawn lead at 2745 lbs. per square inch, as deter- 
mined by direct experiment. Lead pipes are made of yarions 
weights to suit the varying requirements of practice; taking 
medium weights, and deducing the thickness therefrom, we 
obtain the following Table, in which the safe working pressure 
is taken at -j^^th of the bursting strain : — 



Diameter of pipe 

Weight of pipe, lbs. per foot . . 
Safe pressure, feet of water . . 




(86.) " Power of Horses, dc, in raising Water" — The power of 
men, horses, &o., in raising water varies with the duration of the 
labour. The following Table gives the number of gallons raised 
1 foot high per minute, with common deep-well pumps, and the 
mean velocity in feet per minute. 



Velocity. 


Uoma per Day. 


4. 


6. 


6. 


8. 


10. 


176 


Hor^e, walking in a circle 


1653 


1480 


1350 


1169 


1040 


180 


Pony, or mule, ditto 


1102 


986 


898 


780 


697 


120 


Bullock, ditto 


1470 


1314 


1200 


1040 


930 


157 


Ass, ditto 


457 


410 


374 


323 


290 


220 


Man, with winch pump . . 


249 


222 


203 


176 


157 


147 


Ditto, Contractor's pump 


205 


183 


167 


145 


130 
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A good high-pressure steam-engine should raise 3300 gallons 
1 foot high per minute per nominal horse-power ; the friction of 
the pumps being compensated by the excess of the indicated 
power over the nominal. 

(87). " Bainfall" — The depth of rain in this country varies 
very much with the locality ; the east coast is the driest, the 
annual rainfall being in Northumberland about 28*67 inches, 
diminishing thence gradually to 23 in Norfolk and to 19 * 8 in 
Essex, which is the minimum. Thence southward and westward 
it gradually increases to 25*6 in Kent, 30.64 in Sussex, 38*75 
in Dorset, 48 * 3 in Devon, and 50 • 6 in Cornwall. The midland 
districts have a medium fall : Middlesex 24 * 1, Leicester 26 * 0, 
Hereford 29*27, Cheshire 31*3, &c., &c. 

" Heavy BainsJ^ — For town drainage and other purposes, we 
require to know the maximum fall of rain during storms. We 
find that in 

15 15 30 45 60 120 180 minutes 
the maximum fall of rain may be 

0-2 0*75 1*0 1-8 2*5 3*25 3-6 4 inches, 
which is at the rate per hour of 

12 9 4 3*6 3*3 3-25 1-8 1-33 inches. 

" Bain-water Tanks" — Where it is desired to utilize as much 
as possible of the rain falling on a building, the minimum size 
of tank becomes an important but complicated question. Taking 
a place with 24 inches annual rainfall, we have evidently an 
allowance for a regular consumption of 2 inches per month. 
But there may be a drought in which for one month no rain 
falls, and the tank must have 2 inches in store to supply the 
deficiency. There may also be a wet month with 6 inches of 
rain, and as only 2 inches is consumed, 4 inches must be stored. 
The tank must therefore hold 2 -j- 4 = 6 inches, or ^th of the 
annual rainfall. Again, for two months we require 4 inches, 
but the rainfEJl varies from 1^ to 7^ inches, and the tank must 
hold (4 - 1^) -j- (7i - 4) = 6 inches, as before. For three 
months we require 6 inches, but the rainfall varying from 2*4 
to 8*7 inches, the tank should hold (6 - 2*4) + (8*7 - 6) = 
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6 * 3 inches. From all this we find that a rain-water tank should 
hold at least ^th of the annual rainfall. Thus, with 24 inches, 
or 2 feet per year, a building 1830 square feet in area, collects 
1830 X 2 = 3660 cubic feet, allowing a consumption of 10 cubic 
feet, or 62*3 gallons per day, and the tank should hold 3660 -4- 
4 = 916 cubic feet. 

(88.) " Weight and Pressure of WaterJ'-^A gallon of water 
at 62° weighs 10 lbs., and contains 277*274 cubic inches, or 
'16046 cubic foot: hence a cubic foot weighs 62*321 lbs., and 
contains 6*2321, or nearly 6^ gallons. Table 28 gives the 
pressure in pounds per square inch due to given columns of 
water and mercury. 

Table 28. — Of Equivalent Pressubes in Pounds per Square Inch, 
Feet of Water, and Inches of Mercury, at a Temperature of 
62° Fahr. 



Fotmdsper 


Feet of 


Inchesof 


Pounds per 


Feet of 


Inches of 


Square Inch 


Water. 


Mercury. 




Water. 


Mercury. 


1* 


2-311 


2 046 


2-5962 


6- 


5-31198 


2* 


4-622 


4-092 


3-0289 


7' 


6-19731 


3- 


6-933 


6 138 


3-4616 


8' 


7-08264 


4- 


9-244 


8-184 


3-8942 


9- 


7-96797 


5- 


11-555 


10-2.30 


•48875 


1-12952 


1- 


6* 


13-866 


12-276 


-97750 


2-25904 


2' 


7* 


16 177 


14-322 


1-46625 


3-38856 


3- 


8* 


18-488 


16-368 


1-95500 


4-51808 


4- 


9- 


20-800 


18-414 


2-44375 


5-64760 


5^ 


4327 


1- 


•88533 


2-93250 


6-77712 


6- 


•8654 


2- 


1-77066 


3-42125 


7-90664 


7- 


1-2981 


3- 


2-65599 


3-91000 


9-03616 


8^ 


1-7308 


4- 


3-54132 


4-39875 


10-16568 


9- 


2 1635 


5- 


4-42665 









Example. — Bequired the Pressure per Square Inch, and Equivalent 
Golumn of Mercury for a Head of 247 feet of Water. 

Feet of Pounds per Inches of 

I Water. Square Inch. Mercury. 

200 = 86-54 or 177*066 

40 = 17-308 „ 35-413 

7 = 3029 „ 6-197 



247 = 106-877 



218-676 



XARDOV: PBINTZD BT W. CLOWES ASD 80118, STAMTOBD 8TBEBT AKS GHAIUVO OBO0S. 
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14 



15 



16 



18 



21 



24 



10-02 


11-50 


13-09 


16-56 


20-45 


22-53 


20-03 


23-00 


26-18 


33-12 


40-91 


45-07 
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PRACTICAL SCIENCE, 

PUBLISHED BY 

R & F. N. SPON. 



LONDON: 48, CHARING CROSS. 
NEW YORK: 446, BROOME STREET. 



Architects' Handbook. 

A Handbook of Formulae, Rules, and Memoranda, for Archi- 
tectural Surveyors and others engaged in Building, by J. T. Hurst, 
C.E., seventh edition, royal 32mo, roan, 5^. 

CONTAINING : 



Formulae useful in Designing Builders' 
work. 

Memoranda connected with Builders' 
work. 

The Practice of Builders' Measure- 
ment 

Summary of the Practice in Dilapida- 
tions. 



Mensuration. 

Table of the Weight of Materials used 

in Building. 
Constants of Labour. 
Valuation of Property. 
Scale of Professional Charges for 

Architectural Surveyors, &c. 



Bibliography. 

How to publish a Book, being directions and hints to Authors, by 
Ernest Spon, crown 8vo, cloth, is. 

Blast Ftimace. 

Researches on the Action of the Blast Furnace, by Charles Schinz, 
translated from the German by W. H. Maw and Moritz Miller, 
platesy crown 8vo, cloth, 8j. 6^. 
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Bridges, \ : 

Estimates and Diftgrams*of "Railway Bridge? for Ttirnpfte, Public, 
and Occupation Roads, in the Embankments of Double or Sinjg^le? 
Lines, and cuttings of DouUe lines, with* Form for Calctdating 
Quantities in Skew Structures, &c., also Culverts of various dimen- 
Bions, a»*^ar^atioi!rB«nliings, by J. W. Gkovwi,^ 
editionyenlar^^ wifh 37 coIqw^$ plates^ folioi cloth, %is, 9^» 

Bridges. 

Wrought-iron Bridges and Roofs. Lectures delivered at the Royal 
Engineer Establishment, Chatham, with examples of the Calcu- 
lations of Stress in Girders and Roof Tmsses, by Graphic and 
Algebraic Methods, by W. Cawthorne Unwin, B.S., Associate 
I.C.E., 8v0; cloth, with thirt€4K plates ^ \2s, (>d. 

Bridges. 

The Strains upon Bridge Girders and Roof Trusses, including the 
Warren, Lattice, Trellis, Bowstring, and other Forms of Girders, 
the Curved Roof, and simple and compound Trusses, by Thos* 
Cargill, C.E.B.A.T. CD., Assoc. Inst. C.E., Member of the Society 
of Engineers, &c., &c., with 64 illustrations, drawn and worked 
out to scale f 8vo, cloth, 12s, 6d, 

Bridges. 

Construction of the Great "Victoria Bridge in Canada, by James 
HODGES,Engineer to Messrs. Peto, Brassey, and Betts, contractors, 
vol. I, imp. 4to, illustrated with 17 coloured plates and ttumerous 
wood engravings; vol. 2, royal foUo, containing 28 double and 19 
single plates, together 2 vols., half-boimd in morocco, 4/. 14^. 6d. 

Bridges* 

Lon^-Span Railway Bridges. (Revised Edition), comprising Inves- 
tigations of the Comparative and Practical AdvantJ^es of the various 
Adopted or Proposed Type System of Construction, with Formulae 
^id Tables ; to which are added Investigations and Tahies relating 
to Short-Span Railway Bridges, by B. Baker, Assoc. Inst C.E., 
crown 8vo, cloth, 5^. 

Builders' Price Book. 

Spons' Builders' Pocket-book of Prices and Memoranda, edited by 
W. Young, Architect, royal 32mo, cloth, 3^. 6d. 

CONTENTS : ■ 



Ancient Lights, table of and rules for 

calculating 
Approximate coit of buildings, by 

Cubing 



Arches, architects' charges 
Bricklayers* useful memoranda 
Carpenters' and joiners' usdW memo- 
randa 



E. & F. N. SPOK: LOKBOK AKB NEW 70BK. 

Digitized by VjOOQIC 



CATALOGUE OF SCIENTIFIC BOOKS. 



Builders' Price "Bocikr-^ontinuai. 



Cubical contents of floors, roo^ &€., 
table of; 

Cements, composition and strength of 

Chimneys, how to build ^ 

Chimneys, smoky, cause and cure of 

Churches, rules of incorporated society 

Circle, properties of 

Coals, space occupied by, and weight 
of 

Columns, strength of 

Cast-iron hollow colunms, table of 

Concrete building 

Concrete under water 

Corrugated iron roofing 

Damp walls, recipe for 

Measurement Of builders* work 

Mortars 

Mortar, Smeaton's, as used at' Eddy- 
stone lighthouse 

Norman, Early English, Decorated, 
and Perpendicukr mouldings, ex- 
amples of 

Nomenclature, architectural 

Paviors* memoranda 

Perspective 

Piers and pillars 

PUes 

Plasterers' memoranda 

Plumbers' memoranda 

Preservation of wood and stone 

Rainfall 

Retaining walls 

Rolled iron jc^sts 

Roofs, table of scantling, &c. 

Ropes 

Stone, building, component parts, 
colour, weight, strength, and 
price of building stones in Eng- 
land and Scotland 

Surveying 

Symbolism 

lliickness of walls 

Tenacity of materials 

Timbers, quality, weight, and strength 
of 

Decay of wood, cause and cure of 

Dimensions of English cathedrals and 
halls 

Drainage of land 



Drains and sewers * 

Drainage of towns, cost of 

Excavators' useful memoranda 

Fire and insurance memoranda 

Five orders of architecture 

Floors and joists, table of wood 

Footings of walls 

Gasfitters' useful memoranda 

Gas supply 

Girders of wood and iron, strength of, . 

and table of safe loads 
Heat 

Hoop iron 
Heights, measmible 
Irob roofs, examples of 
lightning conductors 
Limestones 

Loads on roofs and floors 
Mensuration 
Valuation of property 
Ventilation 
Wanning by steam 
Water, hot 
Water supply 
Waterworks 
WeUs 
Weight" of metals and all materials 

nsed in building 
Wmd, pressure of 
Zinc-workers' memoranda 
Excavators' prices 
Bricklayers' prices 
Masons prices 
Marble masons' prices 
Terra-cotta. prices 
Paviors' prices 
Carpenters' prices 
Joiners' prices ^ 
Steam-made joinery prices 
Ironmongers' prices 
Slaters' memoranda 
Slaters' prices 
Tilers' prices 
Plasterers' prices 
Plumbers' prices 
Smiths' and founders' prices 
Zinc-workers' and bell-hangers' price? 
Painters' and paper-hangers' prices 
Glaziers' prices 
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Cabinet Making. 

The Cabinet Maker ; being a Collection of the most approved 
designs in the Mediaeval, Louis-Seize, and Old English styles, for 
the use of Cabinet Makers^ Carvers, &c., by R. Charles, <fiplatesj 
foUo, half-bound, 2is. 

Carpentry. 

Elementary Principles of Carpentry, by Thomas Tredgold, 
revised from the original edition, and partly re-written, by John 
Thomas Hubst, contained in 517 pages of letterpress, and illus- 
trated with 48 plates and 150 wood engravings^ crown 8vo, hand- 
somely bound in cloth, i&r. 

Chocolate and Cocoa. 

Cocoa, its Growth and Culture, Manufacture and Works of pre- 
paration for the Table, by C. Hewett, illustrated ^itk wood 
engravings^ fcap. 8vo, sewed, ix. 

Coffee. 

The Coffee Planter of Ceylon, by William Sabonadiere, with 
an Appendix containing various extracts and letters from other 
authorities bearing on the same subject, second edition, enlarged 
and revised, illustrated by plates and wood engravings ^ crown 8vo, 
cloth, ^s, 6d. 

Coffee and Chicory. 

Coffee and Chicory ; the Culture, Chemical Composition, Prepara- 
tion for Market, and Consumption, with simple tests for detecting 
adulteration, and practical hints for the producer and consumer, 
by P. L. SiMMONDS, F.S.S., author of * The Commercial Products 
of the Vegetable Kingdom,' 'Dictionary of Products,' &c., &c., 
illustrated by numerous wood engravings, post Svo, cloth, zr. 

Cotton Cultivation. 

Cotton Cultivation in its various details, the Barrage of Great 
Rivers, and Instructions for Irrigating, Embanking, Draining, and 
Tilling Land in Tropical and other Countries possessing high ther- 
mometric tempjeratures, especially adapted to the improvement of 
the cultural soils of India, by Joseph Gibbs, Member Institute 
Civil Engineers, with 5 plates, crown Svo, cloth, ^s. 6d, 

CnrveSt Railway. 

A complete System of Setting-out Railway Curves, comprising the 
necessary alternative methods, with full Tables of the Angles, Dis- 
tances, and Off-sets required on the ground, specially arranged for 
easy reference and practical use, by David Livingston, C.E., 
crown Svo, cloth, los, 6d, 
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Curve Tables. 

Tables for Setting-out Railway Curves, arranged by Chas. Pullar 
HOGG) C.E., a series of cards arranged for Manipulation, with a 
sheet of explanations and examples, in neat cloth case, 4r. 6</. 

These Tables are intended to facilitate the ranging of circular Arcs, by the 
method of Tangential Angles, introduced by Professor Rankine : they are 
suitable for any unit of length, British or Foreign, so long as the angles and 
the arcs are expressed in £e same unit The ai^^les are given in d^ees, 
minutes, and decimals. 

Dilapidations. 

Dilapidations, a text-book for Architects and Surveyors, in tabulated 
form, by Banister Fletcher, Assoc. Rl Inst. Brit. Arch, (author 
of Model Houses), showing who are liable for Dilapidations, and 
the extent of the liability of Lessors, Lessees, Tenants at will. 
Tenants by Elegit, Statute, Merchant, or Staple Tenants in fee 
simple. Tenants in tail. Tenants for life. Tenants for years without 
impeachment of Waste, Mortgagor, Mortgagee in possession. Yearly 
Tenants, Tenants in common, and joint Tenant?, Rights of copar- 
ceners ; also what are dilapidations and waste, and further niDy 
instructs the surveyor how to take and value them, to which is 
added the duties of surveyors, with a table of legal <:ases, emlH^acing 
the most recent, and illustrated throughout by examples drawn from 
the author's experience, and latest legal decisions, i2mo, cloth, 5^. 

Earthwork Tables. 

Tables for Computing the Contents of Earthwork in the Cuttings 
and Embankments of Railways, by W. Macgregor, royal 8vo, 
cloth, dr. 

Electric Telegraph. 

An Elementary Treatise on Electrical Measurement for the Use of 
Telegraph Inspectors and Operators, by Latimer Clark, with 
numerous wooacuts, crown 8vo, cloth^ dr. 

Electric Telegraph. 

Electrical Tables and Formulae for the Use of Tdegraph Inspectors 
and Operators, compiled by Latiiiier Clark and Robert Sabine, 
with wood engravings, crown 8vo, cloth, 12s, 6d. 

Electrical Standards. 

Reports of the Committee on Electrical Standards appointed by 
the British Association for the Advancement of Science, reprinted 
by permission of the Council, revised by Sir W. Thomson, LL.D., 
F.R.S., Dr. J. P. Joule, F.R.S« Professors J. Clerk Maxwell, 
M.A., F.R.S., and F. Jenkin, F.R.S., with a Report to the Royal 
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Society on Units of Electrical Resistance, and the Canton Lectures 
rddivered Jay Professor Jenkin before tbe Royal Society of Arts. 
Edited b/ Professor JENKIN, F.ILS., 8vo, cloth, price 9j. 

SJ^gineeringr^ Spoi^^ Biotionary of. 

Civil, Mechanical, Military, and Naval : with Technical Terms, in 
French, German, Ito^an^ tmd Spanish; to.be completed in 96 
fortnightly Kos.,^o|ie0ial 8vo size, 32 pages, at is. eadi, the whoU 
illustrated by many thousand engravings. 

Vol. I, containing 2273 wood engravings, 1152 pp., and neatly 200 
t . distinct Treatises, Imndsom^ly half-bound in morocco, top edge gilt, 2/. Sir, 
'', Vo). 2, containing 2216 wood engravings, 9j5o pp., and nearly 100 distinct 
' Treatises, haniomely half-bound in morocco, top edge gilt, 2/. 2s, 

, Vol. 3, coqipletin^ the work, will be ready in November, half-bound in 
morocco, top edge gilt, 2/. 2j. 

Also in Divisions, containing 12 Nos. bound in cloth at 13^. 6d,f x to 6 
noyf ready. ' 

Etigixieeiiiig^ Drawing. 

. An Elementary Treatise on drtl^ograj)hic Projection, t>ein|^ a new 
nn^thod of Teaching the Sci^ice of Mechanical and Engmeering 
, Drawing, intended for the; instruction of Engineers, Architects, 
% BuilderS} Smiths, Masons, and Bricklayers, and for the use of 
Schools, with numerous illustrations on wood and steel, by 
William Binns, Associate Institute Civil £xi|^n^rS| tat^ Miksfer 
49C ^e Mocjianical Drawing Class at the Department of Scienoe and 
AHj and at the School of .Mines, formerly Professor of Applied 
Mechanics at the College for Civil Engineers, &c., sixUi edition, 
8vo, cloth, 9J, 

Mr, Binn^ System of Mechanical ih^dwing is- in successful 
' oper^U^ ^ all the ArtS^i^h of the United Kingdom, 

Engineering Drawiilg: 

The Second Course of Orthographic Pjomectipn ; being axpntinaa- 
tion pf the New Method of Teaching the Science of Mechanical and 
Ehgiheering Dfawing j inih. some Practical Remaiics on Ae Teeth 
of Wheels, the Projection of Shadows, Principles of Shading, and 
the Practice of Making to ^Scale Drawings from Actual Machinery. 
Intended for the instruction of En|^afiers,.Ax^iteqts^ .BjuUdcrs, 
, , Smiths. Masons, and bricklayers, and for the use of Science Schools 
aiWt Classes, with numerous illustrationsj by William Binns, 
:Cottsidting jpngineer, -Associate I,C.E.,-late Master of the Mecha- 
nical PrawingClass at the Department 6f Science and Ait, and at 
the Royal School-of Mines ; formerly Professor of AppHed Mechanics 
at the College for Civil Engineers, &c., 8vo, cloth, \os, 6d, 
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Engineers' Companion. . * 

The Office and Cabin Companion for Engineers and- Officers- of 
Steam Vessels, consisting oC observations, rales, and tables to 
facilitate such Calculations as Naval Officers and Engineers are 
called upon to make, by J. SiMOND HOLLAND, second edition, 
• rzmo, cloth, 5^. ■ ^ ' , 

Engineers' Pocket-book. 

The Pocket-book of Pocket-books, being Molesworth and Hurist'-s 
Pocket-books^ pinted on thin papier and bound together in one 
volume, royal 52mo, russia, gilt edges^ 12^4.6^ . 

Engineers' Pocket-book. 

A Pocket-book of Useful Fomwlai laowt Moworjandarfor Ciifil 5tud 
Mechanical Engineers, by Guilford L. Molesworth, Member 
of ti3Le Institution, of Civil Engineers, Consulting Engineer to the 
Qovemment of India for State Railways, seventeenth edition, 
revised, witli considerable additions by the author, cont«dning 150 
additional pages, royal 32mo, roan, dr. ' 

Ditto, interleaved with ruled Paper iar:K^ii(^ettse^$L ' 
Ditta, printed on thin paper for'thtf waistcbat pocketp 6^^ 

Engineers* Price Book. ' 

Applebys* Illustrated Handbook of Machinery and Iron WorkjWith 
the Cost J the Working E?fpenses, and the Results obtained m the 
use of §team and Hand Cranes, Pumps, Fked and Portable Steam 
Engines and various other Machines ; with Weight, Measurement, 
&ic^ ^c \ also Prices of Tools, Iron Work, Stores^ and Materials 
reqi^red by Civil and Mechanical EngLuecrs, Merchants^ and 
others; togctKer with numeroiis Tables and Memoranda, by 
Appleby J Bros., Engineers, many hundred wood efi^avln^s^ Svo^ 
cloth, 12s, 6d, - V r ,, ^ ^ 

Engrineers' Tables. 

Spons' Tables and Memoranda for Engineers, selected and arranged 
by J. T. Hurst, C.E., author of Architectural Surveyors' Hand- 
book, Hurst's Tredgold's Carpentry, &c., 6^0, joan^ gilt edges, u. 

French IteMur^s. 7' ' 

French Measures .and: English Equivalents,. by JO»y Bw>QK* For 
die. use of Engiteecs, Maau|a^:tiurer$ of Lron, Dxaoightsinen, &c., 
i8mo, roan, is, l . . ; 

'* In a series of compact Tables the Bn^^Bsh Tallies of. the FxanA measures 
are arranged from one to a thousand millun^tres, and from one to a hundred 
metres ; the fractions of an inch progressing in sixteenths are also reduced 
to French values. , /The little book will bo^ found uselid. to ahnost every 
engineer." — Mn^nemHg, 
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French Polishing. 

The French Polisher's Manual, by a French Polisher, containing 
Timber Staining, Washin|f, Matdung, Improving, Painting, Imita- 
. tions. Directions for Staining, Sizin|^, Embodying, Smoothing, Spirit 
Varnishing, French Polishmg, Directions for Re-poHshing, royal 
32mo, sewed, 6^. 

Oas. 

Analysis, Technical Valuation, Purificationjand Use of Coal Gas» 
by the Rev. W. R. BOWDITCH, M.A., with wood engravings, 8vo, 
cloth, i2s, 6d. 

Oold and Silver Mining. 

The Mining and Metallurgy of Gold and Silver, by J. ARTHUR 
Phillips, Mining Engineer, in one large voL, roysd 8vo, cloth, 
illustrated with 84 wood engravings and Z folding plates of work- 
ing drawings^ 3 1 J. 6flf. 

Ounner's Pooket-^book. 

Bridges' Gunner's Pocket-book, compiled by Captain T. W. 
Bridges, H.P. Royal Artillery, crown 32mo, roan, lt. ; or morocco, 
\s. 6d, 

Heat. 

A Practical Treatise on Heat, givinc^ Data, Rules, and Tables to 
facilitate the practical application of ue Laws of Heat to the Useful 
Arts ; illustrated by examples worked out in detail, for the use of 
Engineers, Architects, &c., by Thomas Box, author of * Practical 
Hydraulics,' numerous plates, post 8vo, cloth, 8j. (}d 

Hydraulics. 

Practical Hydraulics : a Series of Rules and Tables for the use of 
Engineers, &c., &c., by Thomas Box, second edition, numerous 
plates, post 8vO| cloth, 5<r. 

Indian Engineering. 

India and Indian Engineering, three Lectures delivered at the Royal 
Engineer Institute, Chatham, in July, 1872, by Julius George 
Medley, Lieut..Col. R.E., Assoc. Inst. C.E., Fellow of the Calcutta 
University, Principal Thomason, Civil Engineering Cdlege, 
^ Roorkee, crown 8vo, cloth, 3x. 

Iron. 

Iron as a material of Construction, by William Pole, C.E.^ 
F.R.S., illustrated by wood engravings i crown 8vo, cloth, dr. 

B. ft F. K. SrOK: XiOKDON iXD KXW 70BK. 
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Iron and Steel. 

The Journal of the Iron and Steel Institute, edited by JNO. Jones, 
F.G.S., and David Forbes, F.R.S., published quarterly in 8vo, at 
$s, each Part. 

Iron Construction. 

Works in Iron, Bridge and Roof structures, by EwiNG MathESON, 
numerous engravings, royal 8vo, cloUi, 15^. 

Link-Motion. 

Link-MoUon and Expansicm-Gear practically considered, by N. P. 
Burgh, Engineer, illustrated with <^ plates and 229 wood 
engravings, small 4to, handsomely half-bound in morocco, 2/. zs. 

Mechanical Engineering. 

The Mechanician and Constructor for Engineers, com{»ising 
Forging, Planing, Lining, Slotting, Shaping, Turning, Screw 
Cutting, &c., by Cameron Knight, illustrated by 96 4to plates, 
containing 1147 illustrations, and 397 pdges of letterpress, 4to, 
half-morocco, 2/. izr. 6^. 

liCechanics. 

The Essential Elements of Practical Mechanics, based on the prin- 
^ ciple of work, designed for Engineering Students, by Oliver 

Byrne, formerly Professor of Mathematics, College for Civil 
'* Engineers, second edition, illustrated by numerous wood engrav- 

ings, post 8vo, cloth, 7^. 6^. 

Metric Weights and Measures. 

Scales for the Ready Comparisom of British and Metric Weights 
and Measures, by A. L. Newdigate, M.A., in neat dodi case, 5<r. 

solitary Terms. 

A Hiandy Dictionary of Military Terms, by Major W. W. Knollts, 
F.R.G.S., 93rd Sutherland Highlanders, Garrison Instructor, Honse 
District, &c., i8mo, doth, zr. 

Mill Gearing. 

A Practical Treatise on Mill Gearing, Wheels, Shafts, Riggers, &c., 
for the use of Engineers, by Thomas Box, post 8vo, cloth, with 
eight plates, 5^. 

MiU Work. 

Buchanan's (R.) Practical Essays on Mill Work and other 
Machinery, with examples of tools of modem invention, and Supple- 
ment, edited by T. Tredgold and G. Rennie, Z% plates, 3 vols., 
royal 8vo, cloth, 21 j. 

E. & F. N. SPOK: LONDON AND NEW YOBK. 
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MiUwright's Guide. 

The Practical Millwright's and Engineer's Ready Reckoner, or 
Tables for findii^ the <uameter and power of cog-wheels, diameter, 
weight, and power of shafts, diameter and strengQi of bolts, &c.^ by 
Thomas Dixon, third edition, i2mo, cloth, 3J. 

lOne Bngineering. 

A New Edition of a Practical Treatise on Mine Engineerings by 
G. C. Greenwell, F.G.S., Colliery Viewer, Member of the North 
of England Institute of Mining Engineers, &c., &c., &c., eonfdining 
64 coloundflates drawn to a large sadi^ and 25 5 pp. of MUrpress^ 
imp. 4to, handsome^ half-bcmnd in morocco, 2/. 15^ 

Mining. 

Records of Mining and Metallurgy ; or, Fads and Memoranda fw 
the Use erf ^le Mme Agent and Smelter, by J. Arthur Phillips 
and John DAiOii^fOTONi in crown Svo, cloth, illusiraUd with 
wood^ngrasi/ing^f/^. 

Narrow Gauge Bailways. 

Narrow Gauge Railways, by C. E. Spooner, C.E., F.Cg^ illus- 
trated with 2^ folding plat fs^ Svo, cloth, 12^. 6^ , 

.J * ' CONTENTS : 

) Copy of Paper read at the "Inyentors' Institute" on. Na^ow Gauge 
Railways--^The FesUniog Railway — Experiment on the Festinio^ Railway 
-^Captain Tyler's Report — The Railways of the Future — Advantages 
^dned by Narrow Gauge Railways— Railway Gauges — Narrow Gauge 
Rolling Stock— Battle oC the^ QaQ^ <^I»lifti£ RftUway/ G^Hgosc nid 
Eoljhjg StQ^, &g. . 

Outpodt Duty. 

Practical Lessons in Reconnoitring, Outpost Pu^, ^0^ fiMf £psMl 
. by the la^ Autunm Manoeuvres, Nos. z and 2, ^h i^* $^ 

Perpetual IflCotion. 

Perpetuum Mobile; or, Search for Self-Motive Po\^ef during the 
17th, 1 8th, and 19^1 centuries, illustrated from various s^utpiientfc 
sources in papers, «ss^s, letters, paragraphs, and numerous patent 
specifications, with an Ihtroductory Essay by Henry DircKs, C.E., 
with Hunter 6us engravings of machines^ crown Svo, cloth, lOx. 6^. 

Ditto, Ditto, Second Series, with numerous engravings and 
portraits^ crown Svo, cloth, loj. 6^. . ' . 7 

Bailway Ci^ossiiigs, 

Switches and Crossings ; Formula for ^sc^aining the Angles of 
Crossings, the Lengths of Switches, and the Distances of the Points 
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of the Crossings and the Heels of the Switches from the Springing 
of the CtirA^e, by, W. EMmtaldson;, . M. A.,* A.LC.?., author of * A 
Treatise on OWique Arches,' phi€s^ 8vo, cloth, lotf. (scU 

Beservoirs. 

On the Construction of Catch-water Reservoirs in Mountain Districts 
for Ae Supply of Towns or for other purposes, by C. H. Beloe, 
author of ]fiie Handbook of the Liverpool Watdrwbrki, p!ates{ 8vo, 
dbthyj^r 

Seservoirs. 

On the Designing and Constructing of Storage Reservoirs, by 
Arthxjr Jacob, B.A., folding j^lates^ 8vo, stiff wrapperyiw. . 

Betaining Walls. 

A Treatise on Retaining Walls, by J. S. TatE, C.E., %vo^ sewed, is, 

BopemakiBfir. 

A Treatise on R6t>emaking$ as {H'aclbed in public and private Rope- 
yards, with a Description of the Manufacture, Rules, Table of 
Weights, &C.) adapted to the Trade, Shipping, Mining, Railways, 
Builders, &c., by R. Chapman, formerly foreman to Messrs. 
Huddart & Co., Limehouse, and late Master Ropemaker to H.M. 
Dockyard, Deptford, second edition, i2mo, cloth, 3^. 

Sanitary Exigineering. 

S^mi^ary Engineering, a Guide to the Constfuctidn of Works of 
Sewerage and House prainage, with Tables for facilitating the 
Calciflations of the En^eer, by Baldwin Latham, C.E., Mem. 
Inst. C.E., Past Presid^it of the Society of Engineers, numerous 
^tgravingsy 8vo, cloth, iL iqs. 

Sewage. ., _ 

, A Handbook of Sewage Utilization, by UUQK* Ralph Sui&CE, M.A., 
Barrister-at-Law, crown 8vo, cloth, 3K 6^. 

This work treats L : Of tJiQ evils of the present syftem of Sewage Treat- 
ment) the Foliation of Water, and tlije Waste of Manure, II. Remedies, 
Privy> and Ash-pit ; Eureka System ; Milan, Goul, and Moule's Systems. 
III. Treatment of Sewage by Chemical means. Experiments with Lime ; 
Lime and Chloride of Iron; Sulphate of Ammonia; Holden's ■ Process ; 
JSuIphate of Alumina ;. Persalts of Iron; Blyth, J^enk, Phosphate, A B C, 
Scott, and HiHe Processes ; Filttktion. iV, Irrigation. With to Appendix, 
including the Law relating to Sewage Utilization. 

E. ec F. N. SPOK: IiOimOK AUD mrW* TO&K. 

Digitized by VjOOQ IC 



12 



CATALOGUE OF SCIENTIFIC BOOKS. 



Sewage. 

The Sewage Question; on die Treatment and Utilization of 
Sewage/ the Preparation of Land for Irrigation, and for Intermittent 
Downward Filtration, by J. Bailey Denton, M. Inst C.E., F.G.S., 
8vo, sewed, 2s. 

Silver Mines. 

Vazeeri Rupi, the Silver Country of the Vazeers, in Kulu ; its 
Beauties, Antiquities, and Silver Mines, including a trip over the 
lower Himalayah range and Glaciers, by J. Calvert, F.G.S., Mem. 
Inst C.E., illustratea with a map and coloured plates^ 8vo, cloth, 

Slide-Valve. 

The Slide-Valve, practically considered by N. P. Burgh, Engineer, 
third edition, containing 88 illustrations^ and 121 pages of letter- 
press^ crown 8vo, doth, 5^. 

Specifications. " 

Practical Spnecifications of Works executed in Architecture, Civil 
and Mechanical Engineermg, and in Road Making and Sewering ; 
to which are added a series of practically useful Agreements and 
Reports, by John Blbnrarn, with i^folcUng plates^ 8vo, cloth, i&r. 

List of Plates. 



Elevations and Plans of Cottages 

at Bamet ' 
Elevations and Plans of Houses at 

Maidstone. 
Elevation and Section of Villa at 

East Cowes. 

Ground and First Floor of Ditto. 
Elevation of Villa at East Cowes. 
Ground and First Plan of Ditto. 
Details of Sewer Work. 



8 Details of Ironwork, Piling. 



9 Details of Ironwork. 

10 Details of Ironwork, Piling, &c. 

1 1 Section of Artesian WelL 

12 Elevation and Section (tfWron^ht- 

Iron Bridge. 

13 Plan, Elevation, and Section of 

Wrought-Iron and Brick Bridge. 

14 Section and Plan of Engine and 

Engine House. 

15 Elevation of Timber Bridge. 



Steam Boilers. 

New Work on Boiler Engineering, complete in 20 parts, 19 at 3j., 
and I at 6f., or handsomely half-bound morocco, cloth sides, 
3/. 13^*. 6^/., a Practical Treatise on Boilers and Boiler Making, by 
N. P. Burgh, Mem. Inst Mech. Eng., illustrated with numerous 
wood engravings and plates of working drawings^ 3/. 13^. 6^. 

Steam Engine. 

Modem Marine Engineering applied to Paddle and Screw Propul- 
sion ; consisting of 2f>plateSf 259 wood engravings^ and 403 pages 

a. ec F. K. SPOK: LONDON AND NBW YOBK. 
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of descriptive matter, the whole being an exposition, of the present 
practice of the following firms: — Messrs. J. Penn and Sons; 
Maudslay, Sons, and Field ; James Watt and Co. ; J. and G. 
Rennie ; R, Napier and Sons ; J. and W. Dudgeon ; Ravenhill and 
Hodgson; Humphreys and Tennant; Mr. J. F. Spencer; and 
Messrs. Forester and Co., by N. P. Burgh, Engineer, 4to, cloth, 
2/. 5x. 

Steam Eng^ine. 

Modem Compound Engines, being a Supplement to Modem 
Marine Engineering, by N. P. Burgh, Mem. Inst Mech. Eng., 
demy 4to, cloth, i8j. 

The following firms have contributed Working Drawings of their best 
and most modem examples of Engines fitted in me Royal and Mercantile 
Navie;: — Messrs. Maudslay, Rennie, Watt, Dadgeon, Homphrejrs, 
Ravenliill, Jackson, Perkins, Napier, Elder, Laird, Day, Allibon, and 
Burgh. 

Steam Engine. 

Practical Treatise on the Condensation of Steam; contained in 
262 pages of letterpress, and illustrated with 212 engravings, by 
N. P. Burgh, Engineer, super-royal 8vo, cloth, 25^. 

Steam Engine. 

A Pocket-book of Practical Rules for the proportions of Modern 
Engines and Boilers for Land and Marine purposes, by N. P. 
Burgh, 4th edition, >vith Appendix, royal 32mo, roan, 4^. id. 

Details of H^h-pressure Engine, Beam Engine, Condensing, Marine 
Screw Engines, Oscillating Engmes, Valves, &c. Land and Marine Boilers, 
Proportions of Engines produced by the roles, Proportions of Boilers, &c. 

Steam Engine. 

Practical Illustrations of Land and Marine Engines, showing in 
detail the modem improvements of High and Low Pressure, Suifsice 
Condensation and Superheatin|f, together with Land and Marine 
Boilers, by N. P. BURGH, Engmeer, 20 plates in double elephant, 
folio, cloth, 2/. 2S, , ' 

Steam Engine. 

Notes on the Theory of the Steam Engine, being part of a course 
of instruction in the subject, given in the Royal School of Naval 
Architecture and Marine Engineering, by James H. Cotterill, 
M.A., Vice-Principal of the Royal School of Naval Architecture 
and Marine Engineering, 8vo, sewed, 3^. 

E. & F. N. SFOV: LONDON AND NBW YOBK. 
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Strength of Beams. 

On the Sttengdi of Beams, Columns, and Arches, considered with 
a view to deriving me^ods of ascertaining the practical strength of 
any given section of Beam, Column, or Arch, in Cast Iron, Wrought 
Iron, or Steel, by B. Baker^ numerous cutSy crown 8v6, cloth, ^. 

Strength of Beams. 

New Formulas for the Loads and Deflections of Solid Beams and 
Girders, by William Donaldson, M.A, Assoc. Inst. C.E.^ 8vo, 
cloth, 4^. 6d. 

Sugar. 

The Practical Sugar-Pkntcr ; a Complete Account of the Cultivation 
and Manufacture of the Sugar-cane, according to the latest and 
xxbost improved processes, describing and comparing the different 
systems pursued in the East and West Indies, and the Straits of 
Malacca, and the relative expenses and advantages attendant upon 
each, being the result of sixteen years' experience of a sugar-planter 
in those countries, by Leonard Wray, Esq., with nntmnms 
illustraS^^nSy 8vo, cloUxj lor. 6d. 

Sugar Machinery. 

A Treatise on Sugar Machinerv, by N. P. BURGH, Engineer, with 
i(> plates y drawn to a large scale ^ royal 4to, cloth, 3iar. 

Sulphuric Acid. 

The Chemistry of Sulphuric Acid Manufacture, by Henry Arthxtr 
Smith, cuts^ crown 8vo, cloth, 4^. dd. 

Surveying. 

The Principles and Practice of Engineering, Trigonometrical^ 
Subterraneous, and Marine Surveying, by Charles Bourne, C.E^ 
third edition, numerous plates and woodcuts y 8vo, cloA, 5^. 

Surveying. 

A Practical Treatise on the Science of Land and Engineering 
Surveying, Levelling, Estimating Qusmtities, &c., with a general 
description of the several Instruments required for Surveying, 
Levellmg, Plotting, &c., by H. S. Merrett, 41 fine platesy with 
illustrations and tables y royal 8vo, cloth, izr. dd. 

Table of Logarithms. 

Table of Logarithms of the Natural Numbers, from i to 108,000, 
by Charles Babbags, Esq., M.A, stereotyped edition, royal 8vo, 
cloth, 7J. 6^. 

B. 9s. V. N. 8P0V: UOVDOm AMD JSTSW TOBK. 
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Tables of Squares and Cubes. 

Barlow's Tables of Sqiiarcs, Cubes, Square Roots, Cube Roots, 
Reciprocals of all Integer Nimibers up to io,ocfo, post 8vo, dr. 

Teeth of Wheels. 

Camxjs (M.) Treatise on the Teeth of Wheels, demonstrating the 
best forms which can be given to them for tiie purpose of Ma- 
, chinery,' such as Millwork and Clockwork, and the art of finding 
their numbers, translated from the French, third edition, carefully 
revised and enlarged, with details of the present practice of Mill- 
wrights, Engine Makers, and other Machinists, by Isaac Hawkins, 
illustrated by iZ plates , 8vo, cloth, 5x. 

Telegraphy. 

Journal of the Society of Td^aj^ Engineers, including original 
Conmumications on Telegraphy and Electrical Science, edited by 
Major Frank. Bolton and G. E. Prbece. Parts I., II., 
and III., demy 8vo, sewed, «/iW^ wood engravings y 5^. each. To be 
continued quarterly. 

Torpedo Warfare. 

A Treatise on Coast Defence ; based on the experience gained by 
Officers of the Corps of Engineers of the Army of the Confederate 
States, and compiled from Official Reports of Officers of the Navy 
of the United States, made during the North Amaican War from 
1861 to 1865, hy Von Scheliha, Lieutenant-Colonel and Chief 
Engineer of the Department of the Gulf of Mexico, of the Army of 
the late Confederate States of America; with numerous fine plates ^ 
imperial 8vo, elegantly bound in cloth, top edge gilt, 15J., or with 
the plates coloured, 3ar. 

Trevitiiick. 

The Life of Richard Trevithick (Inventor of the High-pressure 
I Steam Engine), with an Account of his Inventions, by Francis 
Trevithick, C.E., 2 vols.,mediujn 8vo, cloth, illustrated by a steel 
portrait^ lithographs^ and numerous beautiful wood engravings^ 
including many accurate illustrations of Cornwall, its Minesy Snd 
Mining Machinery ^ i/. i6f. 

Turbine. 

A Practical Treatise on the Construction of Horizontal and Ver- 
tical Water- Wheels, with eleven plates, specially designed for tiie 
use of operative mechanics, by William Cullen, Millwright and 
' Engineer, second edition, revised and enlarged, small 4to, cloth, 
12^. 6^. 

S. & F. K. SPONt LOimON AHD HEW YOBS. 
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Turning. 

The Practice of Hand-turning in Wood, Ivory, Shell, &c^ with 
Instructions for turning such work in Metal as may be required in 
the Practice of Turning in^Wood, Ivory, &c. ; also an Api)endix on 
Ornamental Turning, by Francis Campin, second edition, with 
wood engravings, crown 8vo, clotii (a book for beginners), dr. 

Valve Gears. 

Treatise on Valve Gears, with special consideration to the Link- 
Motions of Locomotive Engines, by Dr. Gustav Zeuner, third 
edition, revised and enlarged, translated from the German, with 
the special permission of Ae author, by MORITZ MULLER, plates, 
8vo, cloth, i2s,6d. 

Ventilation. 

Health and Comfort in House Building, or Ventilation with Warm 
Air by Self-acting Suction Power, with Review of the mode of 
cadculating the Draught in Hot-Air Flues, and with some actual 
Experiments, by J. Drysdals, M.D.,and J. W. Hayward, M.D., 
demy 8vo, with plates, cloth, ys, 6d. 

Weight of Iron. 

Tabulated Weights of Angle, T, Bulb, and Flat Iron, for the use 
of Naval Architects and Shipbuilders, by Charles H. Jordan, 
M.I.N.A., i8mo, sewed, is. 6a. 

Wood-working Factories. 

On the Arrangement, Care, and Operation of Wood-working Fac- 
tories and Machinery, forming a complete Operator's Handbook, 
by J. Richards, Mechanical Engineer, woodcuts, crown 8vo, cloth. 

Wood- working Machines. 

A Treatise on the Construction and Operation of Wood-working 
Machines, including a History of the Origin and Progress and 
Manufacture of Wood-working Machinery, by J. Richards, M.E., 
crown 4to, cloth, with numerous wood engravings, il ^s. 

Workshop Beceipts. 

Workshop Receipts for the use of Manufacturers, Mechanics, and 
Scientific Amateurs, by Ernest Spon, crown 8vo, cloth, 5^. 

Tachts. 

Yachts and Yacht Building, being a Treatise on the Construction 
of Yachts and other matters relating to Yachting, by P. R. Marett, 
second edition, enlarged, illustrated with 12 folding plates, demy 
8vo, cloth, i2s, 6d. 
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